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Unitrode Integrated Circuits. Corporation U.I.C.C. makes no 
representation that the use or interconnection of the circuits described 
herein will not infringe on existing or future patent rights, nor do the 
descriptions contained herein imply the granting of licenses to make, 
use or sell equipment constructed in accordance therewith. 

©1990, by Unitrode Integrated Circuits Corporation. All rights reserved. 
This book, or any part or parts thereof, must not be reproduced in any 
form without permission of the copyright owner. 

NOTE: The information presented in this section is believed to be 
accurate and reliable. U.I.C.C. reserves the right to make changes to 
the products contained in this data book to improve: performance, 
reliability, or manufacturability. However, no responsibility is assumed 
by Unitrode Corporation for its use. 


LIFE SUPPORT POLICY 


U.1.C.C.’S products are not authorized for use as critical components 
in the life support devices or systems without express written approval. 


Miller Killer™ is a trademark of Unitrode Corporation 
MULTIWATTSis a registered trademark of SGS Corporation 


Printed in U.S.A.—April, 1990 


INTRODUCTION 


Unitrode Integrated Circuits (U.I.C.C.) is a recognized leader in the 
design and manufacture of high-performance power management 
integrated circuits for use in the control for switching power supplies 
and small electronic motors, and for various interface functions. 


The key to our success has been our ability to anticipate trends in 
carefully selected industrial, computer, and military market segments, 


‘ and to develop products which respond to their needs. 


To do this, U.I.C.C. takes a totally integrated approach to definition, 
development and production. Design and process engineers work 
together, often directly with customers, so that users can participate to 
the fullest in product development. 


U.I.C.C. is also one of the few power management IC vendors to offer 
military versions of its new products. Our products are thus generally 
of higher quality than those offered by competitors who do not compete 
in the more demanding military/aerospace market. 


Our modern 85,000 square foot Merrimack, N.H. facility is fully JAN 
certified to. MIL-M-38510, Class B. Many devices have been qualified 
with additional QPL items expected in the near term. U.I.C.C. is also 
servicing many OEM customers to produce and screen devices to their 
Class S needs. 


U.I.C.C. has also made a major commitment to support the Singapore 
and Far East marketplace with upgrades in it’s own 10,000 square foot 
test facility along with direct customer sales/support capability. 
Another of our distinguishing features is the high degree of application 
and engineering support we provide. Our design-oriented engineering 
staff has created many custom ICs for very demanding customers, and 
the extraordinary size of our support staff reflects our "commitment to 
unmatched customer support services. 


We have earned our leadership position with our unique ability to 
innovate while adhering to the most stringent quality standards and 
highest levels of customer support. We will maintain this leadership by 
continuing to excel in all we do. 


This data book describes U.I.C.C.’s current and new products along 
with detailed applications materials. We welcome your inquiries about 
our products, and the opportunity to develop new ones to meet your 
needs. 
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PART NUMBER INDEX 


PAGE | PARTNUMBER | DESCRIPTION PAGE |PART NUMBER DESCRIPTION 
5-5 | L292v 2A;35V. H-Bridge; 4-65 UC495AJ 40V; 200 mA Precision; 
5-5 L292VH 15 Pin Power Tab PWM, Ceramic DIL 
5-12 L293BN 1A;35V; 4 Channel 4-65 UC495AN 40V; 200mA; Precision 
Push-Pull Driver; PWM; Plastic DIL 
"Batwing" Plastic DIL 4-69 UC1033K 3.0A; Neg. Reg.; TO-3 
5-12 L293D 1A;35V; 4 Channel 4-69 **JC1033G 3.0A; Neg. Reg.; TO-257 
Driver with Diodes 4-72 |UC1054M Chg. Pump Converter 
Batwing Plast Package’ 4-72 |UC1054C Plastic DIL, 
6-6 L295V 2.5A;45V;Dual PWM Ceramic DIL 
6-6 L295VH Solenoid Driver; 5-24 UC1517J Bilevel Stepper Drive 
15 Pin Power Tab Circuit; Ceramic DIL 
4-38 L296V 4A;40V;High Current 4-83 UC1524AJ 60V; 200mA; Precision 
4-38 L296VH Switching Regulator PWM; Ceramic DIL 
15 Pin Power Tab 4-79 |*UC1524J 40V; 100mA; PWM; 
5-16 L298V Dual Full Bridge Driver; Ceramic DIL 
5-16 L298VH 15 Pin Power Tab 4-87 *UC1525AJ 40V; 500mA; Precision 
5-20 L298DV Dual Full Bridge PWM; Ceramic DIL 
5-20 L298DVH Driver With Diodes: 4-99 UC1526AJ Advanced Ceramic DIL 
15 Pin Power Tab ; High Performance; PWM 
4-34 LLM338 5A; TO-3; Pos. Adj. Reg. 4-99 UC1526AJ/883B Advanced Ceramic DIL 
446 |*UC117K 1.5A;TO-3;Pos.Adj.Reg High Performance 
446 |*UC117G 1.5A;TO-257;Pos.Adj.Reg. 4-93  |*UC1526J/883B_ =| High Performance 
4-46 |UC117H 0.5A;TO-5;Pos.Adj.Reg. PWM; Ceramic DiL 
4-54 *UC137K 1.5A;TO-3;Neg.Adj.Reg. 4-87 UC1527AJ/883B 40V; 50mA; Precision 
ray : : : PWM; Ceramic DIL 
4-54 UC137G 1.5A:TO-257:Neg.Adj.Reg. 
4-57 *UC150K . 3.0A’TO-3;Pos.Adj.Reg. 4-105 |UC1543J/883B Power Supply Supervisor 
457 | *UC150G 3.0A;TO-257:Pos.Adj.Re aN pac le 
: Sean Peg. 4-105 |UC1544J/883B Power Supply Supervisor 
4-61 UC161J Quad Comparator; Circuit: Ceramic DIL 
Ceramic Dip i : 
4-61 UC161J/883B Quad Comparator; 4-109: UCI C8532 pene Flies ee ge 
Ceramic Dip Ceramic DIL 
6-10 UC195H,K Smart Power Transistor 4-111 |UC16110/883B Schottky Array; 
TO-3;TO-5;TO-257 Ceramic DIL 
G10) PMUCTESG Smart Power Transistor 5-34 |UC1620U/883B _—_|3-Phase DC Motor Control 
TOG TOS O28! Pwr Ceramic DIL 
4-48 | UGaITIK 1.5A;TO-3;Pos.Adj.Reg. 5-90 |UC1622JP/883B | Phase DC Motor Control 
4-54 UC237K | 1.5A;TO-3;Neg.Adj.Reg. Pwr Ceramic DIL 
4-57 | UC250K 3.0A;TO-3;Pos.Adj.Reg. 5-39 |UC1625N/883B _—‘|H.V. 3-Phase DC Motor 
6-10 UC295H,K Smart Power Transistor Control Ceramic DIL 
TO-3;TO-5 ; 5-50 UC1633J Phase Locked Controller; 
4—46 UC317K 1 .5A;TO-3;Pos.Adj.Reg. Ceramic DIL 
4-46 UC317T 1.5A;TO-220;Pos.Adj.Reg. 5-57 UC1634J Phase Locked Controller; 
4-54 UC337K 1.5A;TO-3;Neg.Adj.Reg. Ceramic DIL 
4-54 UC337T 1.5A;TO-220;Neg.Adj.Reg. 5-60 UC1635J P.L.L. Motor Control 
4-57 UC350K 3A;TO-3;Pos.Adj.Reg. Ceramic DIL 
6-10 UC395H,K Smart Power Transistor 5-64 UC1637J/883B 500mA; 40V; PWM DC Serv 
TO-3;TO-5 Motor Control Chip; 
465 |UC494ACJ 40V;200mA;Precision Ceramic DIL 
PWM; Ceramic DIL 6-15 UC1705J/883B low Cost High Speed 
4-65 UC494ACN 40V;200mA;Precision Driver; Ceramic DIL 
PWM; Plastic DIL 6-18 UC1706J/883B Dual Output Driver; 
4-65 |UC494AJ 40V;200mA; Precision Ceramic DIL 
PWM;Ceramic DIL 6-23 UC1707J Dual Uncommitted Power 
14-65  |UC494AN 40V:200mA; Precision Drivers; Ceramic DIL 
PWM; Plastic DIL 6-23 UC1707J/883 Dual Uncommitted Power 
4-65. UC495ACJ 40V;200mA;Precision Drivers; Ceramic DIL 
PWM; Ceramic DIL 6-29 UC1708J Dua! Non-Inv Driver 
4-65 | UC495ACN 40V;200mA Precision Ceramic DIL 
PWM; Plastic DIL 6-33 UC1709J/883 Dual FET Driver 
Ceramic DIL 


*Available in JAN/38510 Versions — See Military Versions 


**Also Available in Isolated Tab Versions, “IG” Suffix 
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PAGE |PARTNUMBER | DESCRIPTION PAGE _ | PARTNUMBER _| DESCRIPTION 
6-36 UC1710J High Power FET Driver 4-166 | UC1844AU Adv. Low Cost PWM 
Ceramic DIL Ceramic DIL 
6-39 UC17114u Ultra High Speed Driver 4-166 | UC1845AU Adv. Low Cost PWM 
Ceramic DIL Ceramic DIL 
5-72 UC1717J 1A; 40V; Stepper Motor 4-172 |*UC1846u/883B Current Mode PWM; 
Driver Circuit; Ceramic DIL 
Ceramic DIL 4-179 | UC1846AJ Adv. Current Mode PWM 
6-41 UC1720JP Smart Power Switch: Ceramic DIL 
Power Ceramic 4-172 | UC1847J/883B Current Mode PWM; 
6—44 UC1724J ISO. Drive Trans. : Ceramic DIL 
Ceramic DIL 4-180 | UC1851U/883B Program. Off-Line PWM 
647 UC1725J ISO High Side Driver Ceramic DIL 
Ceramic DIL 4-186 | UC18544/883B Power Factor Control 
6-51 UC1728UP Dual Smart Switch; Ceramic DIL 
; Power Ceramic DIL 4-192 | UC1860U/883B Resonant Mode Controller; 
6-53 UC1730J Temperature & Airflow ZCS, Ceramic DIL 
, Sensor; Ceramic DIL 4-200 | UC1861U ZVS Resonant Control 
4-113 |UC1823U/883B Single Output 1MHz Ceramic DIL 
PWM; Ceramic DIL 4-200 | UC1864J ZVS Resonant Control 
4-119 |UC1823AJ Adv. High Speed PWM Ceramic DIL 
Ceramic DIL 4-200 | UC1865u ZVS Resonant Control 
4-120 |UC1825J Dual Output 1MHz Ceramic DiL 
PWM; Ceramic DIL 4-206 | UC1883U ISDN Sec. Reg. 
4119 | UC1825AJ Adv. High Speed PWM Ceramic DIL 
Ceramic DIL 4-207 | UC1885J ISDN Pri. Reg. 
4-120 | UC1825J/883B Dual Output 1MHz Ceramic DIL 
PWM; Ceramic DIL 4-208 | UC1901J/883B tsolated Feedback 
4-127 |UC1832J Low Drop Lin. Reg. Generator; Ceramic DIL 
Ceramic DIL 4-212 | UC1903U/883B Quad Voltage and Line 
4-127 | UC1833U Low Drop Lin. Reg. Monitor; Ceramic DIL 
Ceramic DIL 4-10 | LAS1905 5A, +5V, Lin. Reg. TO-3 
4-132 | UC1834J High Efficiency 4-10 | LAS1905P 5A, +5V Lin. Reg., TO-247 
4-132 |UC1834u/883 Linear Regulator; 4-10 LAS1912 5A, +12V Lin. Reg. TO-3 
Ceramic DiL 4-83 | UC2524AU 60V; 200mA; Precision 
4-136 | UC1835J Low Cost, High PWM; Ceramic DIL 
4-136 | UC18350/883" Efficiency Regulator 4-83 | UC2524AN 60V; 200mA; Precision 
Ceramic DIL 7 PWM; Ceramic DIL 
4-136 | UC1836J Adjustable High 4-79 UC2524J 40V; 100mA; PWM; 
4136 | UC1836U/883 Efficiency Regulator : Ceramic DIL 
Ceramic DIL. 4-79 UC2524N 40V; 100mA; PWM; 
4-141 | UC1838AJ Magnetic Amplifier Ceramic DIL 
Control Circuit; 4-87 UC2525AJ 40V; 500mA; Precision 
Ceramic DIL PWM; Ceramic DIL 
4-144 | UC1840J 40V; 200mA; PWM 4-87 UC2525AN 40V; 500mA; Precision 
Controller; Ceramic ‘| PWM; Ceramic DIL 
4-152 | UC18414/883B Programmable, Off-Line 4-99 UC2526Au Advanced High 
PWM; Ceramic DIL Performance PWM 
4-160 |UC1842J/883B . | Low Cost Current Mode Ceramic DIL 
PWM; Ceramic DIL 4-99 UC2526AN Advanced High 
4-160 | UC1843U/883B Low Cost Current Mode Performance PWM; 
PWM, Ceramic DIL Plastic DIL 
4-160 | UC1843J/883B Low Cost Current Mode 4-93 UC2526J High Performance PWM; 
PWM; Ceramic DIL Ceramic DIL 
4-160 | UC1844J/883B Low Cost Current Mode 4-93 UC2526N High Performance 
PWM; Ceramic DIL : PWM; Plastic DIL 
4-160 | UC1845u/883B Low Cost Current Mode 4-87 UC2527AJ 40V; 500mA; Precision 
PWM; Ceramic DIL PWM; Ceramic DIL 
4-166. | UC1842AU Adv. Low Cost PWM 4-87 UC2527AN 40V; 500mA; Precision 
Ceramic DIL PWM; Ceramic DIL 
4-166 | UC1843AJ Adv. Low Cost PWM 4-105 | UC2543J Power Supply Supervisor 
Ceramic DIL [| Circuit; Ceramic DIL 
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Power Suupply Supervisor 4-136 |UC2836J Adjustable High 
Circuit; Ceramic DIL Efficiency Regulator; 
Power Supply Supervisor Ceramic DIL 
Circuit; Ceramic DIL 4-136 |UC2836N Adjustable High 
Power Supply Supervisor Efficiency Regulator, 
Circuit; Ceramic DIL Plastic DIL 
Phase Locked Controller 4-141 |UC283BAJ Magnetic Amplifier 
Ceramic DIL Control Circuit; 
Phase Locked Controller Ceramic DIL 
Ceramic DIL 4-141 |UC2838AN Magnetic Amplifier 
Phase Locked Controller Control Circuit; 
Ceramic DIL Plastic DIL 
Phase Locked Controller 4-144 UC2840N 40V; 200mA; PWM 
Ceramic DIL Controller; Ceramic DIL 
P.L.L. Motor Control 4-144 UC2840N 40V; 200 mA; PWM 
Ceramic DIL Controller; Ceramic DIL 
500mA; 400V; PWM DC Serv || 4-152 | UC2841J Program, Off-Line 
Motor Control Chip; PWM, Ceramic DIL 
Ceramic DIL 4-152 |UC2841N Program, Off-Line 
500mA; 400V; PWM DC Serv PWM; Plastic DIL 
Motor Control Chip; 4-160 |UC2842) Low Cost Current Mode 
Ceramic DIL PWM; Ceramic DIL 
ISO Drive Trans. 4-160 |UC2842N Low Cost Current Mode - 
Plastic DIL PWM; Plastic DIL 
{SO High Side Dr. 4-166 |UC2842AN Adv. Low Cost PWM 
Plastic DIL Plastic DIL 
4-160 |UC2843U Low Cost Current Mode 
Aion Sata PWM; Ceramic DIL 
Ceramic DIL 4-160 |UC2843N Economy PWM; 
Temperature and Plastic DIL 
Airflow & Sensor; 4-166 {UC2843AN Adv. Low Cost PWM 
Ceramic DIL. Plastic DIL 
Temperature and 4-160 )UC2844J Low Cost Current Mode 
Airflow & Sensor; PWM; Ceramic DIL 
TO-220 4-160 |UC2B44N Low Cost Current Mode 
Single Output 1 MHZ PWM; Plastic DIL 
PWM; Ceramic DIL 4-166 {UC2844AN Adv. Low Cost PWM 
Single Output 1 MHz Plastic DIL. 
PWM; Ceramic DIL 4160 |UC2845J Low Cost Current Mode 
UC2823AN Adv. High Speed PWM PWM; Ceramic DIL 
, Plastic DIL 4-160 {UC2845N Low Cost Currrent Mode 
UC2B25J Dual Output 1 MHz ; : PWM; Plastic DIL 
PWM; Ceramic DIL 4-166 {|UC2845AN Adv. Current Mode PWM 
UC2825N Dual Output 1MHz Plastic OIL 
8 PWM; Plastic DIL 4-172 )UC2846J Current Mode PWM; 
UC2825AN Adv. High Speed PWM Ceramic DIL 
Plastic DIL 4-172 |UC2846N Current Mode PWM; 
UC2832N Low Drop Lin. Reg. Plastic DIL 
Plastic DIL 4-179 |UC2846AN Adv. Current Mode PWM 
UC2833N Low Drop Lin. Reg. Plastic OIL 
: Plastic DIL 4-172 |UC2847J Current Mode PWM; 
UC2834J High Efficiency Linear Ceramic Dit 
Regulator; Ceramic DIL 4-172 |UC2847N Current Mode PWM; 
UC2834N High Efficiency Linear Plastic DIL 
. Regulator; Plastic DIL 4-180 |UC2851N Program. Off-Line PWM 
UC2835J Low Cost, High Plastic DIL 
Efficiency Regulator; 4-186 |UC2854N Power Factor Control 
Ceramic DIL 4-192 |UC2860J Resonant Made Control, 
UC2835N Low Cost, High ZCS; Ceramic DIL 
Efficiency Regulator; 4-192 |UC2860N Resonant Mode Control, 
Ceramic DIL. ZCS; Plastic DiL 
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[PAGE |PARTNUMBER |DESCRIPTION PAGE |PARTNUMBER  |DESCRIPTION 
4-200 {|UC2861N Z.V.S. Resonant Control 4-93 UC3526N High Performance 
Plastic DIL PWM; Plastic DIL 
4-200 |UC2864N 2.V.S. Resonant Control 4-87 UC3527AJ 40V; 500mA; Precision 
Plastic Dit. | PWM; Ceramic DiL 
4-200 |UC2865N Z.V.S. Resonant Control 4-87 UC3527AN 40V; 500mA; Precision 
Plastic DIL ; PWM; Plastic DIL 
4-208 (UC2901J tsolated Feedback 4-105 |UC3543J Power Supply Supervisor 
Generator; Ceramic Circuit; Ceramic DIL 
4-208 {UC2901N isolated Feedback 4-105 {UC3543N Power Supply Supervisor 
Generator; Plastic Circuit; Plastic DIL 
4-212 |UC2903J Quad Voltage and Line 4-105 |UC3544N Power Supply Supervisor 
Monitor; Ceramic DIL Circuit; Plastic DIL 
4-212 |UC2903N Quad Voltage and Line 4-109 |UC3610U Dual Schottky Diode 
Monitor; Plastic DIL Bridge; Ceramic DIL 
4-219 |UC2906J Lead Acid Battery 4-109 |UC3610N Dual Schottky Diode 
Charge: Ceramic Bridge; Plastic DIL 
4-219 |UC2906N Lead Acid Battery 4-111 |UC3611J Schottky Array; 
Charger; Plastic Ceramic DIL 
6-57 UC2950T Halt Bridge, Bipolar 4-111 |UC3611N Schottky Array; 
Switch; 5-Pin TO-220 Plastic DIL 
5-80 UC3174V Voice Coil Motor Drive 5-34 UC3620V 3-Phase DC Motor 
15 Pin Power Tab Controller; Power Tab 
5~80. UC3174QP Voice Coil Mator Drive 5-90 UC3622V Switchmode Brushless 
28 Pin PLCC DC Motor Driver; 
5-80 UC3175V Voice Coil Motor Drive 15-Pin Power Tab 
15 Pin Power Tab 5-94 UC3623V Low Noise Brushless 
5-80 UC3175QP Voice Coil Motor Drive DC Motor Driver; 
28 Pin PLCC 15-Pin Power Tab 
5-85 UC3176V Monolithic Power 5-39 UC3625N H.V. 3-Phase Motor Control 
5-85  |UC31760P Amplifier Plastic DIL 
‘ 15 Pin Power Tab, 5-39 UC36250 _H.V. 3-Phase Motor Control 
Pwr. PLCC . 28 Pin PLCC 
5-85  |UC3177V Voice Coil Motor Drive 5-50 |UC3633J Phase Locked Control 
15 Pin Power Tab Ceramic DIL 
5-85 |UC3177QP Voice Coil Motor Drive 5-50 |UC3633N Phase Locked Control 
28 Pin PLOC Plastic OIL 
5-24 UC35175 Bilevel Stepper Drive 5-57 UC3634U Phase Locked Control 
Circuit; Ceramic DIL Ceramic DIL 
5~24 UC3517N Bilevel Stepper DIL 5-57 UC3634N Phase Locked Control 
Circuit; Plastic DIL Plastic DIL 
4-83 UC3524AJ 50V; 200mA; Precision 5-60 UC3635N P.L.L. Motor Control 
PWM; Ceramic DIL Plastic DIL 
4-83 UC3524AN 50V; 200mA; Precision 5-64 UC3637u 500mA; 40V; PWM 
: PWM: Plastic DIL Motor Cantrol Chip 
4-79 {|UC3524y 40V; 100mA; PWM Ceramic DIL 
Ceramic DIL 5-64 UC3637N 500mA; 40V; PWM 
4-79 UC3524N 40V; 100mA; PWM Motor Control Chip 
Plastic DIL Plastic DIL 
4-87 |UC3525AJ 40V; 500mA; Precision 5-97 | UC3655V Low-Sat. 3-Phase Motor 
PWM: Ceramic DIL . Control, 15 Pin Pwr. Tab. 
4-87 {|UC3525AN 40V; 500mA; Precision 5-97 |UC3655Q Low-Sat. 3-Phase Motor 
PWM; Plastic DIL Control, S.M.D. 
4-99 UC3526AJ Advanced High 6-60 UC3657V Triple Half Bridge 
Performance PWM; Power Driver; 
7 Ceramic DIL 15-Pin Power Tab 
4-99 UC3526AN Advanced High 6-64 UG3704J Bridge Transducer SW. 
Performance PWM; 0°C to +70 C; Geramic 
: Plastic DIL 6-64 UC3704N Bridge Transducer SW. 
4-93 UC3526J High Performance 0°C to +70°C; Plastic 
PWM; Ceramic DIL 6-15 UC3705J High Speed Power 
: Driver; Ceramic DIL 
Se ene aye a Pe ee eC pea ta 
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PART NUMBER 
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UC3705N 
UC3705T 
UC3706J _ 
UC3706N 
UC3707J 
UC3707N 
UC3708N 


UC3709N 
UC3710N 
UC3710T 
UC3711N 


5-102 |UC3717AN 
5-72 |UC3717J 
5-72 |UC3717N | 
6-41 |UC3720V. 
6-68 |UC3722v 
6-44 |UC3724N 
6-47. {UC3725N 
6-51 |UC3728N 
6-51 |UC3728L 
6-53 |UC3730J 
6-53 |UC3730N 
6-53 |UC3730T 
5-110 |UC3770AN 
5-110 |UC3770AQ 
5-110 |UC3770BN 
5-110 |UC3770BQ 
4-113 |UC3823U 
4113 |UC3823N 
4-119 |UC3823AN 
4120 |UC3825J 


High Speed Power 
Driver; Plastic DIL 


| Low Cost High Speed 


Driver; 5-Pin TO-220 

Dual Output Driver; 
Ceramic DIL 

Dual Output Driver; 
Plastic DIL £ 

Dual Uncommitted Power 
Drivers; Ceramic DIL 


‘ ]Dual Uncommitted Power 


Drivers; Plastic DIL 

Dual Non-Inv. Driver 
Plastic DIL 

Dual FET. Driver 
Plastic DIL 

High Pwer. FET Driver 
Plastic DIL 

High Pwr. FET Driver 
5-Pin, TO-220 

Ultra High Speed Driver - 
Plastic DIL 

Stepper Motor Driver 
Circuit; Plastic DIL 

1A; 40V; Stepper Motor 
Drive Circuit; 
Ceramic DIL 

1A; 40V; Stepper Motor 
Drive Circuit; 
Plastic DIL 

Smart Power Switch: 
15 Pin Power Tab 

Five Channel Power Dr - 
15 Pin Power Tab 

ISO Drive Tranas. 
Plastic DIL 

ISO High Side Driver 
Plastic DIL 

Dual Smart Switch . 
Plastic DIL 

Dual Smart Switch 
Ceramic Surface Mount 

Temperature & Airflow 
Sensor; Ceramic DIL 

Temperature & Airflow: 
Sensor; Plastic DIL 

Temperature & Airflow 
Sensor: TO-220 

Adv. Stepper Control 
Plastic DIL 

Adv. Stepper Control 
28 Pin PLCC 

Adv. Stepper Control 
Plastic DIL 

Adv. Stepper Control 
28 Pin PLCC 

Single Output 1 MHz 
PWM; Ceramic DIL 

Single Output 1 MHz 
PWM; Plastic DIL 

Dual Output 1 MHZ 
PWM; Ceramic DIL 


PART NUMBER 


DESCRIPTION. 


UC3825N 
UC3825AN 
UC3834J 
UC3834N 
UC3835J 


|UC3835N 


UC3836J 
UC3836N 
UC3838AJ 


UC3838AN > 
UC3840_ 
UC3840N _ 
UC38414 
UC3841N- 


‘luC3B42J 


UC3842N 


UC3844AN 
UC3B45) 
UC3B45N ° 
UC3845AN 
UC3846J 
ucs846N 
UC3846AN 


Dual Output 1 MHZ 
PWM; Plastic DiL 

Dual Output 1 MHZ . 
PWM; Plastic DIL 

High Efficiency Linear 
Regulator: Ceramic DIL 

High Efficiency Linear 
Regulator; Plastic DIL 

Low Cost, High: 
Efficiency. Regulator 
Ceramic DIL © 

Low Cost, High 
Efficiency Regulator 
Plastic DIL 

Adjustable High Efficiency 
Regulator; Ceramic 

Adjustable High Efficiency 
Regulator; Plastic DIL 

Magnetic Amplifier 
Control Circuit 
Ceramic DIL 

Magnetic Amplifier 
Control Circuit 

40V; 200mA; PWM 

Controller; Ceramic DIL 

40V; 200mA; PWM 

Controller; Plastic DIL 

Programmable, Off-Line - 

PWM; Ceramic DIL. 

Programmable, Off-Line 

PWM, Plastic DIL 

Low Cost Current Mode 

PWM; Ceramic DIL 

Low Cost Current Mode 

PWM; Plastic DIL 


~ | Adv. Low Cost PWM 


Plastic DIL 

Low Cost Current Mode 
PWM; Ceramic DIL 
Low Cost Current Mode 
PWM; Plastic DIL ° 
Adv. Low Cost PWM . 
Plastic DIL 

Low Cost Current Mode. 
PWM; Ceramic DIL: 
Low Cost Current Mode 
PWM; Plastic Dik 


_ |Adv. Low Cost: PWM 


Plastic DIL 

Low Cost Current Mode 
‘| PWM; Ceramic DIL 
Low Cost Current Mode 
PWM; Plastic DIL 
Adv. Low Cost PWM 
Plastic DIL 
Current Mode PWM; 
Ceramic. OIL 


Current Mode PWM; 


Plastic DIL 
Adv. Current Mode PWM 
Plastic DIL 


*Available in JAN/38510 Versions — See Military Versions 


**Also Available in Isolated Tab Versions, “(G” Suffix 
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PAGE |PARTNUMBER _|DESCRIPTION PAGE |PARTNUMBER |DESCRIPTION 
4-172 |UC3847J Current Mode PWM; 4-230 |UC7805AK 1A; +5V; TO-3; 
Ceramic DIL Precision Fixed Reg. 
4-172 |UC3847N Current Mode PWM; 4-226 |UC7805CK 1A; +5V; TO-3; 
; Plastic DIL : ; Fixed Reg. 
4-180. |UC3851N Program. Off-Line PWM 4-226 |*UC7805K 1A; +5V; TO-3; 
: Plastic DIL Fixed Reg. 
4-186 |UC3854N Power Factor Control 4-226 |**UC7805G 1A; +5V; TO-257; 
Plastic DIL Fixed Reg. 
4-192 |UC3860J Resonant Mode Control 4-230 |UC7812ACK 1A; +12V; TO-3; 
Ceramic DIL Precision Fixed Reg. 
4-192 |UC3860N Resonant Mode Contro! 4-230 |UC7812ACT 1A; +12V; TO-220; 
Plastic DIL Precision Fixed Reg. 
4-192 |UC3860Q Resonant Mode Ctonrol 4-230 |UC7812AK 1A; +12V; TO-3; 
_ 28 Pin PLCC Precision Fixed Reg. 
4-200 _|UC3861N Z.V.S. Resonant Mode 4-230 |**UC7812AG 1A; +12V; TO-257 
Plastic DIL Fixed Reg. 
4-200 |UC38610 Z.V.S. Resonant Mode 4-226 |UC7812CK 1A; +12V; TO-3; 
: 20 Pin PLCC ; Fixed Reg. 
4-200 |UC3864N Z.V.S. Resonant Mode 4-226 |*UC7812CT 1A; +12V; TO-220; 
Plastic DIL Fixed Reg. 
4-200 |UC3864Q Z.V.S. Resonant Mode 4-226 |*UC7812K 1A; +12V; TO-3; 
20 Pin PLCC Fixed Reg. 
4-200 |UC3865N Z2.V.S. Resonant Mode 4-226  |**UC7812G 1A; +12V; TO-257 
Plastic DIL Fixed Reg. 
4-200 |UC3865Q Z.V.S. Resonant Mode 4-234 |**UC7815AG 1A; +12V; TO-257; 
20 Pin PLCC Fixed Reg. 
4-208 |UC3901J lsolated Feedback 4-230 |UC7815ACK 1A; +15V; TO-3; 
Generator; Ceramic DIL | Precision Fixed Reg. 
4-208 |UC3901N Isolated Feedback 4-230 |UC7815ACT 1A; +15V; TO-220; 
: Generator; Plastic DIL Precision Fixed Reg. 
4-212 |UC3903J Quad Voltage and Line 4-230 |UC7815AK 1A; +15V; TO-3; . 
Monitor; Ceramic DIL 4-226 |**UC7815G Precision Fixed Reg. 
4-212 |UC3903N Quad Voltage and Line 4-226 |UC7815CK 1A; +15V; TO-3; 
Monitor: Plastic DIL Fixed Reg. 
4-16 | LAS3905K 8A, Pos. TO-3 Reg. 4-226 |UC7815CT 1A; +15V; TO-220; 
4-16 LAS39U 8A, Adj. TO-3 Reg. Fixed Reg. 
4-219 |UC3906J Lead Acid Battery 4-226 |*UC7815K 1A; +15V; TO-3; 
Charger; Ceramic Fixed Reg. 
4-219 |UC3906N Lead Acid Battery 4-226 |**UC7815G 1A; +15V; TO-257; 
Charger; Plastic Fixed Reg. 
6-72 UC5170CN Octal Single Ended 4-238 |UC7905ACK 1A; -5V; TO-3; 
Driver; Plastic. DIL Precision Fixed Reg. 
6-72 UC5170CQ Octal Single Ended 4-238 |UC7905ACT 1A; -5V; TO-220; 
; Driver; PLCC Precision Fixed Reg. 
6-76 UC5180CN Octal Line Receiver; 4-238 |UC7905AK 1A; -5V; TO-3; 
Plastic DIL 4-238 |*UC7905AG Precision Fixed Reg. 
6-76 UC5180CQ Octal Line Receiver; 4-234 |UC7905CK 1A; -5V; TO-3; 
: PLCC Fixed Reg. 
4-24 | LAS6350 5A, TO-3 Reg. 4-234 |UC7905CT 1A; -5V; TO-220; 
4-24 LAS6350P1 5A; Plastic SIP : Fixed Reg. 
4-24 LAS6351 5A, Adj. TO-3 Reg. 4-234 |*UC7905K 1A; -5V; TO-3; 
4-24  |LAS6350P1 5A, Adj. Plastic SIP Fixed Reg. 
4-29 LAS6380 8A, TO-3 Reg. 4-234 |*UC7905G 1A; -5V; TO-257; 
4-29 |LAS6380P1 8A, Adj. Plastic SIP Fixed Reg. 
4-29  |LAS6381 BA, Adj. TO-3 Reg. 4-238 |UC7912ACK 1A; —12V; TO-3; 
4-29 |LAS6381P1 8A, Adj. Plastic SIP Precision Fixed Reg. 
4-230 |UC7805ACK 1A; +5V; TO-3; aoeee  UGTOTeNgT: Wale TO eee 
bpraat A Reelea ds 4-238 |UC7912AK IAIN TOS 
eee, OCS he oN Vseee 4-238 |**UC7912AG Precision Fixed Reg. 


Precision Fixed Reg. 


*Available in JAN/38510 Versions — See Military Versions 


_ Also Available in isolated Tab Versions, “IG” Suffix 
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PAGE _ |PARTNUMBER [DESCRIPTION PAGE |PARTNUMBER [DESCRIPTION 
4-234 |UC7912CK 1A; -12V; TO-3; 4-238 |UC7915AK 1A; -15V; TO-3; 
Fixed Reg. 4-238 |*UC7915AG Precision Fixed Reg. 
4-234 {UC7912CT 1A; -12V; TO-220 4-234 |UC7915CK 1A; -15V; TO-3; 
Fixed Reg. Fixed Reg. 
4-234 |(*UC7912K 1A; —12V; TO-3; 4-234 |UC7915CT 1A; -15V; TO-220; 
Fixed Reg. Fixed Reg. 
4-234 [*UC7912G 1A; -12V; TO-257; 4-234 |*UC7915K 1A; ~15V; TO-3; 
Fixed Reg. Fixed Reg. 
4-238 |UC7915ACK 1A; ~15V; TO-3; 4-234 |*UC7915G 1A; -15V; TO-220; 
Precision Fixed Reg. Fixed Reg. 
4-238 |UC7915ACT 1A; -15V; TO-220; 
Precision Fixed Reg. 


“Available in JAN/38510 Versions — See Military Versions 


**Also Available in Isolated Tab Versions, “IG” Suffix 
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INTEGRATED 
CIRCUITS 


ame UNITRODE 


ABOUT THIS 
DATABOOK 


PRODUCT CLASSIFICATION STATUS 


The following definitions apply to describe U.I.C.C.’s current product 
production status. U.I.C.C. also reserves the right to make changes 
without further notice in order to improve design performance, reliability, 
or manufacturability. 


| Formative or Design | This document contains the design 
specifications for product under 
development. Specifications may be 


changed in any manner without notice. 


| First Production Supplementary data may be published at 
4 a later date. U.1.C.C. reserves the right to 
make changes at any time without notice, 
in order to improve design and supply the 
best product possible. 


Product in Full Production 


This databook contains complete data and applications information 
about Unitrode Linear Integrated Circuits for industrial and military . 
applications. It includes all our latest new products including products 
that will be introduced throughout the year 1990. Also featured, are 
several new Power Packages and a totally new section dedicated to 
the description of our Military/Aerospace capabilities. 


For more information about any new products or any of U.I.C.C. service 
capabilities, please call, write or fax. 
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GENERAL 
INFORMATION 


PART NUMBER DESIGNATORS 


SCREEN/PROCESSING 
OPTIONS 


ateoraten 883 - MIL-STD-883 
Circuits Class B 
JAN - MIL-M-38510 
(Integrated Circuits) 
SMD - STD Military Drawing 
(DESC) 
PART NUMBER 
*Generic P/N's 
(See Data Sheets For Descriptions) 
+5 Digit In-House Number 
To Spec. Controt Drawings 
PACKAGE OPTIONS 


Plastic Molded Dip 
Side-Braized Ceramic DIP 
16/20 Pin Wide Body 

SO Surface Mount (300 mL) 
Ceramic Leadless Chip Carrier 
Plastic Molded Quad PLCC 
Multiwatt® Vertical Mount 


OPTIONAL GRADES <(fEz 


A - Improved Version 
C - "Commercial" Temp Range 


Multiwatt® Horizontal Mount 
TO-39 Metal Can | 
TO-3 Steel-Base Power 
TO-220 Plastic Power 


Ceramic Power 
TOQ-257 Hermetic (TO-220 Style) 
TO-257 Hermetic Isolated Tab 


For More Information See 
Packaging Section 
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INTEGRATED 
cIRCcUITS 


a UNITRODE 
QUALITY STATEMENT 


Since its founding, Unitrode Integrated Circuits Corp. (U.I.C.C.) has 
structured its development to fully respond to customer requirements 
_in areas of quality and overall product assurance, with particular 
emphasis on enhanced design and reliability. 

As part of its total quality planning, U.I.C.C. has progressed through the 
traditional techniques of control by appraisal to a more mutually 
satisfying statistically based process monitoring. However, area’s of 
accute variability would still require the use of universally accepted 
sampling plans, such as those reference in MIL-STD-105 and 
MIL-M-38510. 


MItL-STD-105D 


TABL TABLE HI-A 
Sample size c jatters Single sampling pisens for normal inspection (Master tabie! 


Acceptable Quality Levels inorma! inspection} 


ooro}oors}o.02s]oosoloces|o 10 [ors [025] 040] oes] v0 | v5 | 25 ro [1s 
i 


2 


A || a “2 ° 
A B cl} a 3 | / 
16 to 2 |B c pil c 5 
2610 50 | C D E oil ae 
510 90 {C E Fé y 
9110 150 |b f G ’ ‘ 
151 to 280) € Gc Ini c 32 cj als: 
281 to 500] F H Ji] 50 ae Se anne 
s01t0 16 J Pa | 80 04 : : 
1200 oe 
1201 to fH kK uf] « 125 01 & ¥ ] : 
3200 
3201 to Js L mito 200 O14 t s 
10000 
10001 te [« mw nfl om 316 t Hi 
35000 
35001 to JL N ell nw 500 0 1|® : MIL-M-38510F 
150000 : APPENDIX B 
150001 tofM e all e 800 lo : . 
500000 y 
eann a lall o |r2s0 lo - TABLE:B-1, LTPD Sampling Plans 1/ 2/ 


Minimum size of sample to be tested to assure. with a 90 percent confidence. that a lot havina 
percent-defective equal to the specified LTPD wilt not be accepted (single sample) 


Max Percent 
Detective 50 30 
LTPD} or A 


Acceptance 
Number {c) 
(r=c+1) 


Minimum Sample Sizes . 
(For device-hours required for life test, multiplied by 1000) 


sa] [ta ta [nn [| [a Ie 
4 (0.23) | (0.16) } (0.11 0.07) | (0.04 0.02) | (0.02) | (0.01) |(0.007) |(0.005, 
le eee Ls Les 1 Jaa 
0.94 0.46}. | (0.28) | (0.18) | (0.14 0.09) | (0.06) }(0.045) 1{0 027) {(0.018 
re Ti Le Leta Le Las [te eee 
11 0.78) | (0.47) } (0.31 0.15) | (0.11) [(0.080) ](0.045) }(0.031 
eM BES M AN Nd 
0.41 0.31 0.20) | (0.14 0.10) |(0.062) {(0.041 

ria [a [a a Le [0 [ete (ss [th [ed lo kaa 
73 5.3 3.9 2.6 18 3 0.7: 0.50) | (0.37) | (0.25) | (0.17 0.42) |(0.074) |(0.049 
oe ey Le Ls (a 

0.42) | (0.28) | (0.20) | (0.14) -(0.085) |(0.056 


GENERAL 
INFORMATION 


Quality 


Ongoing efforts in process improvement have become an aggressive 
daily pursuit in manufacturing whereby meeting specification is no longer 
good enough. 


USL 


SSSSSCRAPSSSS 


LSL 


WAFER LOT NUMBER 


——@— MEANS 


Simply, many benefits to the customer have been realized in the form of 
on-time-delivery, superior quality and unprecedented levels of sustained 
reliability. Organizationally, a "total committment" to quality 
improvements have manifested: themselves in the form of: 

¢ Improved customer satisfaction 

* Improved product quality 

* Known process capabilities 

¢ Increased yields 

* Improved product flow 

¢ Reduction in quality costs such as scrap and rework 

* Prevention orientation and quality consciousness. 

¢ Facts vs. Opinions 

¢ Reduction in operating costs 

U.I.C.C.’s unique self auditing approach makes certain quality ownership 
is an intrinsic part of the manufacturing community with no one faction 
having full responsibility. Documentation at U.1.C.C. has been developed 
to truly reflect a "Real Time” status through master matrixing and 
planning whereas. design, fabrication, assembly and test and their many 
detailed process steps are tied together relationally. 

Reliability assurance at U.I.C.C. has specific goals to demonstrate. 
product reliability of the various functional catagories that make up this 
primarily bipolar product base. It is important to note the existence of 
feedback to design and process engineering that ensures all products 
receive continuing reviews, us. enhancing even the most mature family 
of products. 
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Quality 


QUAL/QCI FLOW FOR JANB, 883B 
MIL-STD-883 METHOD.5005 


GROUP A ELECTRICALS 
55°, +25°. +125°, 4150°C 
SEAL (FINE AND GROSS) 
GROUP B 7 VISUAL EXAMINATION 
; SUBGROUP 6 


INTERNAL WATER VAPOR 
CONTENT 


SUBGROUP 5 
SALT ATMOSPHERE 


SUBGROUP 2 - 
RESISTANCE TO SOLVENTS 


SUBGROUP 3 
SOLDERABILITY “ADHESIONOF LEAD ENA 
SUBGROUP 5 


SUBGROUP 8 
BOND STRENGTH TID TORQUE 
GROUP C 
SUBGROUP 1 GROUP E 
STEADY STATE LIFE (RADIATION HARDNESS ASSURANCE) 
END POINT ELECTRICALS (WHEN APPLICABLE) 
SUBGROUP 1 


GROUP D 
SUBGROUP 1 
PHYSICAL DIMENSIONS 


NEUTRON IRRIADIATION 
END POINT ELECTRICALS 


SUBGROUP 2 
SUBGROUP.2 STEADY STATE TOTAL DOSE 
LEAD INTEGRITY IRRIADIATION 
SEAL (FINE AND GROSS) END POINT ELECTRICALS 
SUBGROUP3 . SUBGROUP 3 
THERMAL SHOCK TRANSIENT IONIZING 
TEMPERATURE CYCLING IRRIADATION 


MOISTURE RESISTANCE 
SEAL (FINE AND GROSS) 
VISUAL EXAMINATION 
END POINT ELECTRICALS | 

‘SUBGROUP 4» Bat , 
MECHANICAL SHOCK 
VIBRATION, VARIABLE: 

FREQUENCY . _ | 
CONSTANT ACCELERATION 
SEAL (FINE AND:GROSS) 
VISUAL.EXAMINATION 
END POINT ELECTRICALS 


END POINT ELECTRICALS 
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QUALIFICATION FLOW FOR 
COMMERCIAL-INDUSTRIAL DEVICES 


SUBGROUP 1 
GROUP A ELECTRICALS -25°, 0°, 
+25", +70°, +85° C VISUAL EXAM 


SUBGROUP 2 . 
THERMAL SHOCK 
SEAL (FINE AND GROSS) 
POST ELECTRICALS 
EXTERNAL VISUAL 


SUBGROUP 3 — 
. TEMPERATURE CYCLING 
(100 CYCLES) 


POST ELECTRICALS 
EXTERNAL VISUAL 


SUBGROUP 4 
STEADY STATE LIFE 
1000 HOURS 


SUBGROUP 5 
CONSTANT ACCELERATION 
SEAL (FINE AND GROSS) 
POST ELECTRICALS . 


NOTE: UNITRODE INTEGRATED CIRCUITS ALSO PERFORMS TESTING 
TO SOURCE CONTROL DRAWINGS FOR CLASS S DEVICES IN 
ACCORDANCE WITH MIL-STD-883 
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Quality 
Should failure occur either in the field or during the course of reliability 
testing, in-depth failure analysis is performed to identify and 
understand the failure mechanism(s) involved. Immediate feedback to 
design or. process for the purpose of corrective action is systematically 
accomplished. Critical inventory nodes are also alerted 


Levels of long-term device reliability through the accumulation of 
millions of hours of testing at accelerated temperatures have 
demonstrated 40 fit or lower failure rates on our more mature products 
within a functional family. With, the ever growing demand for greater 
system reliability, this is a major factor. 


U.I.C.C. has planned and developed reliability goals for the decade of 
the 90’s that realistically test the technology. 


UNITRODE 
RELIABILITY ASSURANCE 


RELIABILITY REPORTING: FAILURE 
RATES / DEV. HOURS / FUNCTIONAL 
FAMILIES, %/1000 HRS. AND FIT 


FUNCTIONAL FAMILY: 1) CONTROLLERS 
2) DRIVERS 
3) SUPPORT FUNCTIONS 


DATA GENERATION, > STEADY-STATE LIFE » TEMPERATURE CYCLING + 85/85 
* AUTOCLAVE + HIGH TEMP.STORAGE + HERMETICITY + THERMAL SHOCK 
* MECH. SHOCK AND VIBRATION + PIND + DEVICE SPECIFIC TESTS + QUAL/QCI 


‘In summary, U.I.C.C. has a committment to supply its customers with 
‘ nothing less than the quality they demand. 


"A Total Quality Concept" 


Quality Assurance Manager 


GENERAL 
INFORMATION 


Quality 


UNITRODE SPC PROGRAM 
WHAT SPC IS TO UICC: 


The objective of the UICC SPC program is a continual improvement in 
quality and increase producitvity to meet our Customer requirements. 
To accomplish this objective, SPC techniques are to be applied to all 
processes to help reduce and eventually eliminate defects, thus 
improving-quality and productivity and reducing the cost of our products. 
The specific goal is that all-critical processes should be brought into 
statistical control and become design capable. These processes will be 
analyzed and-controiled by the implementation of SPC, using charting 
techniques by the operators. 


SPC techniques are used to identify and resolve both production 
workmanship and support problems which impact quality, productivity 
and cost. 

Several senior staff are appointed members of the SPC Steering 
Committee, and are responsible for assuring that effective personnel 
training and implementation programs are established, maintained and 
managed. oe 

All functional and support personnel who are a part of or work with those 
processes related to the production or support are SPC trained and 
provided with a SPC Facilitator/Coach to assist them in the never-ending 
improvement of quality and productivity. 


Why U.I.C.C. decided to implement SPC: 

It was decided to implement SPC throughout our Facility in order to 
enhance quality and reduce scrap through identification of process 
variation, and through the reduction of this variations by means of real 
time corrective action. It is expected to establish the cultural environment 
and the organizational support required to achieve the Six-Sigma goal. 
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INFORMATION 


Quality What it means to our Customers: . 


Statistical Process Control, or SPC, is the science of controlling 
manufacturing operations to insure the quality of product conformance. 
_SPC, through the. use of statistical techniques, allows for corrective 
~ action to be taken to avert possible quality problems before they occur 
» ‘thus reducing cost of reworking or scrapping product. 

These factors enable Unitrode (U.1.C.C.) to better serve our Customers 
and-to improve-quality, delivery and cost of our products. Specifications 
such as JEDEC publication 19 which states the minimum requirements 
for SPC relative to semiconductor processing has become an intrinsic 

part of our day to day operation: 


PEOPLE| ...-: “| PROCEDURES| ‘|. EQuIPMENT J. 


" iM Misaligoments Background;(Disco)° 

. Handling | Wafer Tracks 

Missing Furnace Breaks 
Misprocessed Scrubbers _- 

: Lack of Training Aligners 

Attitude ; Implanter 
Motivation © Malfunction 


Communication 


Unciear 


REJECTS 


f~ N.M.E. 
Out of State 


Power Failure 


; Tweezers Contamination meee. 
« 7 Calibration © Temperature | Probe Rejects 
: / Iso Damage: ~ 


‘Phos Damage *.* . 
. Incorrect Traveler 


TOOLS ENVIRONMENT : PROCESS 


Yon 


“=” \" GAUSE AND EFFECT DIAGRAM - WAFER REJECTS 
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a UNITRODE 


New Quality Products From U.I.C.C. 


PULSE WIDTH MODULATORS 


PartNumber Description Page Number 
UC3823A Advanced 1MHzPWM ........... 4-119 
UC3825A Advanced iMHzPWM............ 4-119 
UC3842A Improved Low CostPWM .......... 4—166 
UC3843A Improved Low CostPWM .......... 4-166 
UC3844A Improved Low Cost PWM .......... 4-166 
UC3845A Improved Low Cost PWM .......... 4-166 
UC3846A Advanced Current ModePWM ....... 4-179 
UC3883 ISDN, MicroPowerPWM .......... 4-206 
UC3885 ISDN, MicroPowerPWM .......... 4-207 


RESONANT CONTROLLERS 


Part Number Description Page Number 
UC3861 ZVS Resonant Controller .......... 4-200 
*UC3862 ZVS Resonant Controller .......... 4-200 
*UC3863 ZVS Resonant Controller .......... 4-200 
UC3864 ZVS Resonant Controller .......... 4-200 
UC3865 ZVS Resonant Controller .......... 4-200 
HIGH POWER FET DRIVERS 
PartNumber Description Page Number 
UC3708 Dual Non-Inv. Driver =... .........-. 6-29 
UC3709 DualFet Driver ............006- 6-33 
UC3710 "Miller Killer"™ High Power Driver .... . 6-36 
UC3711 Ultra High Speed Fet Driver ........ 6-39 


POWER SUPPLY SUPPORT CIRCUITS 


PartNumber Description Page Number 
UC3838A Improved MAG-AMP Controller ....... 4-141 
UC3854. Ave. Current Sense Power Factor ..... 4-186 
UC1054C Charage Pump Converter .......... 4-72 
UC3724 Isolated Drive Transmitter .......... 6-44 
UC3725 Isolated High Side Driver .........-- 6-47 


NOTE: Only commercial part numbers are indicated see military section for military versions 
*Products have not been announced at time of printing 
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CIRCUITS 


am UNITRODE 
New Quality Products From U.1.C.C. 


LOW DROP VOLTAGE REGULATORS 


‘Part Number. Description Page Number 
UC3832 High Performance LinearReg. ....... 4-127 
UC3833 Low CostLinearReg. ............ 4-127 

3 TERMINAL VOLTAGE REGULATORS 2 
Part Number Description Page Number 
UC117G 1.5A; TO-257, Positive Adj.Reg. ...... 4-46 
UC117H 0.5A; TO-5, Positive Adj.Reg. ....... 446 
UC117HV 57V; TO-5, Positive Adj.Reg. ........ 4-50 
UC137G 1.5A; TO-257, Negative Adj.Reg. ..... 4-54 
UC7805AG 1.0A; +5V, 1%, Fixed Voltage Reg ..... 4-230 
UC7812AG 1.0A; +12V, 1% Fixed Voltage Reg ..... 4-230 
UC7815AG 1.0A; +15V, 1% Fixed Voltage Reg ..... 4-226 » 
UC7905AG 1.0A; — 5V, 1% Fixed Voltage Reg ..... 4-238 
UC7912AG 1.0A; -12V, 1% Fixed Voltage Reg ..... 4-238 
UC7915AG 1.0A; -15V, 1% Fixed Voltage Reg ..... 4-238 
UC1033KG 3.0A; Negative Adj. Reg. TO-3.TO-257 . . . 4-69. 

HIGH CURRENT REGULATORS 
PartNumber Description Page Number 
LAS6350 5.0 Amp, Switching Reg; TO 3, Plastic Sip . 4-24 
LAS6380 8.0 Amp, Switching Reg; TO 3, Plastic Sip . 4-29 
LAS1905 5.0 Amp, +5V, Lin. Reg; TO-3 ........ 4-10 
LAS1912 5.0 Amp, +12V Lin. Reg; TO-3 ........ 4-10 
LLM338 5.0 Amp, Adj.Reg;To-3 .......... 4-34 
MOTOR CONTROLLERS 

PartNumber Description Page. Number - 
UC3174 .8A, Voice Coil Motor Drive -......... 5-80 
UC3175 .8A, Voice Coil Motor Drive ......... 5-80 
UC3177 2.0A, Voice Coil Motor Drive ......... 5-85 
UC3623 Low Noise 3-Phase Brushless Driver ... . 5-94 
UC3625 High Voltage 3-Phase Brushless Driver . . . 5-39 
UC3635 Phase Lock Loop Controller ......... 5-60 
UC3655 Low Sat. Linear 3-Phase Brushless ..... 5-97 
UC3770A High Performance Stepper Motor Drive . . .5-110 
UC3770B High Performance Stepper Motor Drive . . .5—-110 
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Die And Wafers 


DESCRIPTION 


Unitrode Integrated Circuits Corp. U.I.C.C. offers most of all its’s 
products described in this data book in die and/or wafer form. 
Products include all Pulse Width Modulators (PWM’s), Motor 
Controls, Low-Drop Regulator, fixed, and adjustable industry 
standard Voltage Regulators, Power Drivers and Switches, and 
Special Function Circuits. Most all U.1.C.C. products are designed 
with military temperature range operation capability. 


U.I.C.C. die utilize linear bipolar technology featuring tight beta 
control and resistor matching techniques. Also, other enhancements 
used implement thin film resistor and Schottky process, as well as 
in-house epitaxial capability for unique voltage flexability. All 
products are protected by a CVD Oxide plus Nitride layers to make 
a sandwich passivation system that offers superior coverage over 
alt junctions. 


Die thicknesses vary by product type, however, they fall into the 
catagories; 12 mils + 1 mil, or 15 mils + 1 mil. Interconnects are an 
alloy of copper (2%) and aluminum (to reduce possibility of metal 
migration). Backside metalization is Titanium - Nickel - Silver, 
suitable with various common eutectic and thermal epoxy mount 
down techniques used today. 


Unitrode Integrated Circuits Corporation 


TESTING 


All products are tested at two separate points. 1) In-Line probing and 
2) Final test probing. 


Final test probe utilize state-of-the-art high speed/power ATE 
equipment. Die are 100% tested to low power DC limits. 


INSPECTION 


U.I.C.C. performs visual inspections on military grade die to 
MIL-STD-750B, Method, 2072 and to MIL-STD-883C Method 2010, 
condition A or B, or to customer supplied requirements. 


Die can be supplied in "waffle pack’ or single wafer form. Standard 
wafers are 100 mils (generic 4 inch diameter). 


ORDERING INFORMATION 

PART NUMBER = UCXXXX: CHIP WER 
+ 

CHIP ORDER 
+ 


WAFER ORDER 


7 Continental Boulevard. ¢ P.O. Box 399 * Merrimack, New Hampshire ¢ 03054-0399 


Telephone 603-424-2410 © FAX 603-424-3460 
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MILITARY/AEROSPACE PROCESSING 


MILITARY/AEROSPACE PROCESSING: 


Processing TO MIL-M-38510 and MIL-STD-883 is performed by a totally 
dedicated business unit within the linear division of U.I.C.C. to serve the 
power linear components requirements of our.various Military/Aerospace 
customers. U.I.C.C. has been committed to this market for many years and 
intends to continue to support this key'market segment. 


The Military Business Unit offers several levels of processing flows as 
noted below. Any of the flows listed would satisfy a majority of customer 
requirements. : 


¢ Jan-Level "B" - full compliance to MIL- M- 38510 Jan program and QPL list- 
ings as published by DESC. 

* Standard Military (DESC) drawing (SMD) — conformance to Class "B" 
process requirements to DESC selected item drawings. 

* SCD-B— conformance to Class "B" process requirements of 
MIL-STD-883 to customer temperature range and/or data 
sheet electricals. 

* SCD-S — conformance.to Class "S" process requirements of 
MIL-STD-883 to customer drawing requirements. 


JAN QUALIFIED (MIL-M-38510) CLASS "B" PROGRAM: 


Our Jan Program offers the customer a standard of product processing, 
and of quality and reliability that is well documented by U.I.C.C. and 
monitored by the defense electronics supply Center (DESC) ge the U.S. 
government. The products are manufactured in the U.S. i certified .. 


facility to the requirements of MIL-M-38510 and indi y} =) product 
specifications as called out in the MIL-M- 38510 "Slash Shg me DESC 
certification is based on standardized documentgjon design, 


processing, test methods, product assurance progy@m, q ersonnel 
training. Facilities and documentation are auditg@yby Gass. prior to 
certification and periodically thereafter. - = 
U.1 Ba@emaintains a very active MIL-M-38510 qyfgiitied prfamammamst (QPL) 
prograte, ou developed a key position ig expandig fmber of 
OPL's foleio ee 


DESC SERRCTEOG EE GeanGS: 
DESC selectediam drawiige =e E grawings| 


standard specifica in compr pClass 
devices that are not @@g qualified. ™ -. 


STATISTICAL PROCESS CONTROL/MILITARY 


for all critical process steps. SPC has proven to enhance production 
capabilities and product quality in the military group.) By monitoring and 
control of these critical process and assembly steps,|U.I.C.C. will better 
serve our customers and improve quality, delivery and cost of our products. 


SPC Unitrode’s Military Businéss Unit utilizes onto enh Process Control 


SHEWHART CONTROL CHART 
(EXAMPLE) 


o MEANS 3 
eee» UPPER CONTROL LIMIT 
— NTROL LIMIT © 
sere LOWER CONTROL LIMIT 


' Safety and reliability. 
Unitrode, utililizes data from ‘control charts to identif 
continually reducing variation in our process output. 


NEW 


MILITARY LINEAR INTEGRATED CIRCUITS 


UC1860 ZCS VERSITILE RESONANT M 


Fast feed-forward line regulation 

Average current-mode control for low noise sensitivity 
Limit line current distortion to <5% 

Control to .99 power factor 

World-wide voltage operation without range switching 


UC1854 HIGH POWER FACTOR PREREGULATOR 


Available in 16 pin ceramic DIL and 20 pin surface mount military packages 


UC1711 DUAL ULTRA HIGH SPEED FET DRIVER 


25nS rise and fall times into 1000pF 
15nS propagation delay 

1.5 Amp source or sink output drive 
Operation with 5V to 35V supply 


Available in 8-pin ceramic DIL or 20 pin surface mount military 


packages 


Current mode control 

3A peak output current 

8V to 40V operation 

Fixed off time control 

TTL compatible Hail inputs 

Available in new 25W power ceramic 24 pin DIL package (se 


package section). : 


UC1620 SWITCHMODE DRIVER FOR BRUSHLESS 
DC MOTORS 


nder 


ility 


CONTROLLER : 
3 MHz VFO linear over 100:1 range 
5 mplifier with controlled output swin 
Pro imer — down to 100 
Dual 2. Kk ith programmable seq 
Program U 
Very low stafigig curren 
Programmable manage y 
Uncommitted co tor 


Two military packag 24-Pin DiL a LC 


NEW 


MILITARY LINEAR INTEGRATED CIRCUITS | 


1832/1833 PECISION LOW DROP LINEAR 
CONTROLLERS 


* Precision 1% reference : 

* Over-current sense thersold accurate to 5% 

¢ Programmable duty-ratio over current protection 
Additional features of 1832 

Adjustable current limit to current sense ratio 
Seperate + Vin terminal 


Programmable driver current limit 
Access to Vrer and E/A(+) 
Logic-Level disable input ae 


Available in 8,14-PIN ceramic Dl L-packages 


POWER HERMETIC DUAL-IN-LINE PACKAGES 
(JP SUFIX) 


* 16PIN 300 MIL (wide) 15 Watts 5°c/w 9.c (Bottom Plate) 
[° 24PIN 600 MIL (wide) —_| 25 Watts 


3°c/w 95.c (Bottom Plate) 


POWER HERMETIC TO-257 (TO-220 STYLE) 
PACKAGES (G,IG SUFFIX) é 


* SLEAD — |(G) NON ISOLATED CASE 
* 3 LEAD 


(IG) ISOLATED CASE 
16. Ain (JP) it 


15 Watts 
15 Watts 


-@) 
TO257 


MILITARY SCREENING FLOWCHART 


STAB BAKE @150°C/2HRS 
10 TEMP CYCLES -65 TO 150°C 
CONSTANT ACCEL.10-30KG'S, YL VISUAL 


PRE-BURN-IN 
(AS REQUIRED) 


(AS REQUIRED) i a 


INTERIM ELECT. 


_MILITARY PRODUCTS 


MILITARY PACKAGE: 


TO-257 Non Isolated 
TO-257 Isolated Tab 
TO-5 


Ceramic DIL 
“  g-Pin 
14-Pin 
16-Pin 
#18-Pin 


16-Pin 
24-Pin 


TO-3:. 


‘Ceramic Leadiess Chip Carrier 
{CLCC)* 


ae 


NOTES: 1) This data is Junction to Tab 
2) Junction to Bottom Plate 
. 3) Junction to: Top Plate 


Side Brazed 


JAN PART NUMBERING SYSTEM 
J  M38510/ 117 04 B Y Cc 


GENERAL 
PROCUREMENT 
JAN DESIGNATOR SPEC REFERS TO DETAIL SPEC 


Part | or Part I of 
the QPL 


_ Voltage Regulators 
117 Positive Adjustment 


Volttager Regulators 8 lead Can 
418 Negative Adjustabies H 10-lead 1/4 x 1/4 Flatpak 
Voltage Regulators : 1 10-lead Can 
126 Voltage Mode PWMs J 24-lead 1/2 x 11/4 Dip 
702 Current Mode PWM K 244ead 3/8 x 5/8 Flatpak 


Cannot be marked 107 Positive Fixed A 14-lead 1/4 x 1/4 Flatpak A Hot Solder Dip. 
with “J° prefix Vottage Regulators C 14-\ead 1/4 x 3/4 Flatpak B Tin Plate 
unless qualified on 115 Negative Fixed D 14-lead 1/4 x 3/8 Flatpak C Gold Plate’ 


E 16-tead 1/4 x 7/8 Flatpak 
F 14-lead 1/4 x 3/8 Flatpak 


P 8-lead 1/4 x 3/8 DIP 
V 16:lead 1/4x 1 Dip. 
3 28-tead'1/2 x 1/2 LCC 
X Note 
Y Note 
Z Note 
“U Note 
' _ -T Note 
* N Note 


X Any Finish 


NOTE: Military package types X,Y;Z,U,T, and N are "wild 
M38510 (e.g. 2 lead TO-3 can, 3 lead TO-5 can, ete.) The 
Refer fo the detail spec for the correct package type des} 
refer to MIL-M-38510 APPENDIX C, TABLE C-1, NQ 


NEW PART NUMBERING SYSTEM FOR MILITARY PRODUCT 


DESC has recommended a one part, one part number system which has 
been widely accepted throughout the industry. At the present time, the new 
numbering system has been incorporated into all NEW 38510 slash sheets 
and SMD’s starting 2, Jan 1990. 


The new part number is as follows: 


EXISTING DOCUMENT NEW PART NUMBER 


MIL-M-38510 5962-3811704BYA UC117/80362 

MIL-STD-883 SMD 5962-8764502MEA UC1524A SMD 
5962 tT XXXXX 22 Q Y Y 

MICROCIRCUIT alt RHA 

GROUP CLASS 

DRAWING NUMBER 


DEVICE TYPE 
QML DESIGNATOR 

PACKAGE/CASE OUTLINE 
LEAD FINISH 


For all types of devices except existing MIL-M-38510 pa e first two 
X’s in the part number are the last two digits of the fiscal which the 
drawing number was assigned, followed by the drayfageember. For 
existing 38510 ICs, the first two X’s are the digits 38, fq > the 3-digit 
slash sheet number. For all devices, the X’s are fog@gevig e number, 
the first Y is for the package designator, and the gffond pr the lead 
finish designator. The class or quality-level deg@@fator mes after the 
de ype number. For rad-hard devices, a ggsignatg pried after 
the fé amber (5962 for ail devicg 
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U.I.C.C. QUALIFIED PRODUCTS CHART (QPL) 


vourage = | GENERN JAN-QPL PARTNUMBER JMa0510/ | 
: UuC117K 11704BYA 
Uc117K 11704BYC 
UC117H 11703BXA 
UC137K 11804BYA 
UC150K 11705BYA 
UC7805K 11706BYA : 
UC7812K 11707BYA 
UC7815K 11708BYA 
in UC7905K 11505BYA 
UC7912K 11506BYA _ 7 | 
uc7915K 11507BYA : _| 
UC1524J : 12601BEA - : 
UC1525AJ 42602BEA | 
UC1526) =: = 12603BEA ns 7 
UC1846J 70201BEA 
NOTES: ‘ 
Unitrode Integrated Circuits Corp. (U.I.C.C.) is in a continuous mode of adding additional part num] qualified 
parts list. Please call U.I.C.C. or your local Unitrode Sales Representative for updates and/or late . 
Class S—Although UICC is not Class’S certified, U.I.C.C. can supply any of our MIL tempe' oducts to 


customer drawings for Class S type product. U:I.C.C. can perform Class S screens per meth 


MILITARY PRODUCTS 


STANDARDIZED MILITARY DRAWINGS (SMDs) LISTING U.I.C.C. 
AS AN APPROVED SOURCE OF SUPPLY = 


117AG/883BC _ Positive Adjustable Reg. 


117AH/883BC ; Positive Adjustable Reg. 


7703405XA 


7703405TA * 


117AIG/883BC Positive Adjustable Reg. 7703405UA 
117AK/883BC Positive Adjustable Reg. 7703405YA 
117G/883BC Positive Adjustable Reg. 7703401TA 
117H/883BC Positive Adjustable Reg. 7703401 XA 
1171G/883BC Positive Adjustable Reg. 7703401UA 
117K/883BC Positive Adjustable Reg. 7703401YA 
117L/883BC Positive Adjustable Reg. 77034012A 
137AG/883BC Negative Adjustable Reg. 7703406TA 
137AH/883BC Negative Adjustable Reg. 7703406XA 
137AIG/883BC Negative Adjustable Reg. 7703406UA 
137AK/883BC. Negative Adjustable Reg. °° 7703406YA 
137G/883BC Negative Adjustable Reg. 7703403TA 
137H/883BC Negative Adjustable Reg. 7703403XA 
137IG/883BC Negative Adjustable Reg. 7703403UA 
137K/883BC " Negative Adjustable Reg. 7703403YA 
150AK/883BC | Positive Adjustable Reg. 5962-8767502XA 


150K/883BC Positive Adjustable Reg. 


5962-8767501XA 


1834J/883BC Low Dropout Regulator §962-8774201EA 
7805AG/883BC Positive 5V Reg. 5962-8778201TA 
7805AIG/883BC Positive 5V Reg. 5962-8778201UA 


7815AG/883BC Positive 15V Reg. 
7815AIG/883BC ; Positive 15V Reg. 


7805AK/883BC . Positive 5V Reg. 5962-8778201 YA 
7812AG/883BC Positive 12V Reg. 5962-8777601TA 
78T2AIG/883BC Positive 12V Reg. 5962-8777601UA 
7812AK/883BC Positive 12V Reg. 5962-8777601YA 


5962-8855301TA 
5962-8855301UA 


7905AK/883BC 
7912AG/883BC._ - 


Negative 12V Reg. 


7815AK/883BC Positive 15V Reg. 5962-8855301YA 
7905AG/883BC Negative 5V Reg. 5962-8874601TA 
7905AIG/883BC Negative 5V Reg. 5962-8874601UA 


Negative 5V Reg. 5962-8874601 YA 


5962-8874701TA 


7912AIG/883BC Negative 12V Reg. 


5962-8874701UA 


7912AK/883BC Negative 12V Reg. 
7915AG/883BC Negative 15V Reg. 


5962-8874701YA 
5962-8874801TA 


7915AIG/883BC Negative 15V Reg. 


5962-8874801UA 


5962-8874801 YA 


7915AK/883BC Negative 15V Reg. 


MILITARY PRODUCTS . 


STANDARDIZED MILITARY Pp aad LISTING U.I.C.C. 


AS AN APPROVED SOURCE OF SUPPL 


1524AJ/883BC 
1525AJ/883BC 
1527AJ/883BC 


PWM 


5962-8764502EA 


5962-8951103EA 


PWM 


5962-8951104EA 


1525AJ/883BC 


PWM 


5962-8951101EA 


1527AJ/883BC 


PWM 


5962-8951 102EA 


1526AJ/883BC PWM 8551502VA 

1526J/883BC PWM 8551501VA 
1825J/883BC “High Speed PWM 5962-8768101EA 
I 1825L/883BC High Speed PWM 5962-87681012A 
1842J/883BC Current Mode PWM 5962-8670401PA 
1843J/883BC Current Mode PWM - 5962-8670402PA 
1844J/883BC Current Mode PWM 5962-8670403PA 
1845J/883BC Current Mode PWM ~ §962-8670404PA 
1846J/883BC Current Mode PWM 5962-8680601 EA 
1847J/883BC mae Current Mode PWM 5962-8680602EA 
1 543u/883BC Power Supply Supervisory 7 5962-8774001EA 
1544J/883BC Power Supply Supervisory _ 5962-8774002VA 
1903J/883BC Quad Supply + Line Monitor: §962-8869701VA 
1903L/883BC Quad Supply + Line Monitor . 5962-88697012A 
1706J/883BC Dual Output Driver 5962-8961101EA 


_ 17070/883BC © 


Dual Channel Power Driver 


5962-876190EA 


195H/883BC 


Smart Power Transistor 


5962-8777801 XA 


195K/883BC 


Smart Power Transistor 


5962-8777801YA 


— 


1611J/883BC 
1637U/883BC — 
1901J/683B 


Quad Schottky Array 
PWM DC Servo Control 7 


Iso. Feedback Generator 


5962-8961101PA 
5962-8995701VA 
5962-8944101CA 


“ 


MILITARY PRODUCTS 


MIL-STD-883 QUALIFIED PRODUCTS 


PRODUCT TYPE 


Bs ororrconions 
[wcronconmoconcurs | 


POWER SUPPLY SUPPORT CIRCUITS oa 


NOTE: 


GENERIC PART NUMBERS 


UC117, UC137, UC150, UC7805/A, UC7812/A, UC7815/A, UC7905/A, 
UC7912/A, UC7915/A, UC1033 3 


UC1832, UC1833, UC1834, UC1835, UC1836 


UC494/A, UC495/A, UC1524, UC1524A, UC1525A, UC1526/A, UC1823, 
UC1825, UC1840, UC1841, UC1842/A, UC1843/A, UC1844/A, UC1845/A, 
UC1846, UC1847, UC1851 


UC1860, UC1861, UC1864, UC1865 


UC1517, UC1717, UC1622, UC1637, UC1625, UC1633, UC1634, UC1635, 
UC1720, UC1728 


UC195, UC1543, UC1544, UC1610, UC161 1, UC18384 54 UC1901, 
C1903 3 F As 
UC1705, UC1706, UC1707, UC1708, UC179G90C17 714 


Please see individual data sheets for detail information. 
In addition to thé compiant part number marking U.I.C.C. a ignifies the c MIL- processing (i.e., 


Bor S) 


MILITARY VOLTAGE REGULATORS ; 
THREE TERMINAL FIXED AND ADJUSTABLE 


VOLTAGE REGULATOR SELECTION GUIDE 


Adj. 1.2V to 57V H) TO-39 


UC117HV, UC117A | : : 
Adj. 1.2V to 37V UC117H ({L) Ceramic LCC 
© | Fixed +5 -5V UC7805A UC7905A UC7805 UC7905 (L) Ceramic LCC 
i +12 -12V UC7812A UC7902A UC7812 | _ UC7912 
+15 -15V UG7815A UG7915A UC7815 UC7915 


TO-3 


Fixed +5V UC7805A, UC109 UC7805, UC109 (K) 
(G) (IG) TO 257 
Fixed +12V UC7812A UC7812 (Hermetic) 


a Fixed +15V | UC7815A UC7815 
Adj. + 1.2V to +37V UC117 UC117 i 
Fixed -5V UC7905A UC7905 (KJ TO-3 
- ++ —- - : Sao 4 (G) (IG) TO 257 
Fixed -12V UC7912A : ; UC7912 (Hermetic) 


UC7915A UC7915. 
UC137 
UC1890-5 
UC150 


UC1033 


Fixed -15V 


Fixed -5 
Adj. +1.2V to +37 


- (K)TO-8 
(@) {i TO 257. |. 
(Hermetic) , 


257 (G) (IG) 


TO-39 (H) 


MILITARY PRODUCTS 


Radiation Hardened Bipolar Integrated Circuits 


‘COMMITMENT TO PERFORMANCE 


UNITRODE INTEGRATED CIRCUITS (U.1.C.C.) 


Has made a commitment not only to design innovative linear iCs‘but 
to develop unique processes to enhance their overall capabilities in 
harsh environments. * : 


U.LC.C. has the ‘capability’ to design and manufacture radiation 
hardened integrated circuits to a wide range of customer 
requirements for military and space level applications. 


Key to this capability is a proprietary, high density, cost_effective, 
SOI process with full dielectric isolation. This process, developed as 
an alternative to junction isolation for all classes of linéar citcuits, 
exhibits electrical performance far superior to Conventional circuits. 


Dz 


¥ 


‘Figure 1-» Silicon Die and Wafer 


The ability for this process to.withstand large radiation dose rates 
coupled with circuit design techniques to minimize effects to total 
dose, gives U.|.C.C. the means to supply circuits with a high degree 
of radiation hardening. : 


U.1.C.C. combines the use of enhanced design techniques in 


-. controlling and predicting both degradation and photocurrent 


compénsation .along with implementation of its’s new dielectric 
isolation process in preventing the "Latch-up phenomina", during a 
radiation event. U.1.C.C.'s initial offering of radiation hardened 
designs will be in common device types of linear regulators followed 
by several of it’s popular current mode PWMs. 


COLLECTOR EMITTER BASE 


N+ BURIED 
LAYER 


OXIDE _ OXIDE ISOLATION 


RADIATION TOLERANT PRODUCTS 
PULSE WIDTH MODULATORS POWER FET DRIVERS 


LOW DROP REGULATORS 


Baa _| | | 
SUPP! me li aaa 


ees Ie 
| POWER 


41 


INTEGRATED - 
CIRCUITS 


een UNITRODE 
Power Supply Controls: fs, ae 8 
PWM Performance Chart 


SWITCHING REGULATOR CONTROL ICs 


a 


Note: Most series available screened to /883B Rev. C. 


PERFORMANCE CHARACTERISTICS 


VOLTAGE MODE: 
By) 


PWM's 
td LEG 


Pd 
Regulating f 
PWMs 100mA 300KHz 16 PinwN, J, * 
UC1524/2524/3524 
Advanced’ y 
Regulating PWMs 200mA 500KHz 16.Pin N, J, * 
UC1524A/2524A/3524A 


Advanced 

Regulating PWMs 100mA . 
UC1§25A/2525A/3525A cet 16 Pin N, J. 2 
UC1527A/2527A/3527A : 


Regulating 

PWMs com | | | 
ee 

UC1526A/2526A/3526A 

High Frequency : ; 

PWM Controllers v 
UC1823/2823/3823 x 2 2MHz 


UC1825/2825/3825 x]x] | 


Sen: 4,* 
18 Pin'N, ue 


16 PinN, J," 


Regulating 
PWMs 
UC494 : 16 Pin N, J 


Advanced : 
Regulating PWMs 
UC494A/UC494AC , 
UC495A/UC495AC 


Programmable 
| Primary Side PWMs 
‘_UC1840/2840/3840 


| Programmable 


x 200mA »4 x 16 Pin N, J 
| 18PinN, J | | 18PinN, J | N, J 
| som tele | fal om Riis NJ,” 
Primary Side PWMs 18 PinN, J,* 
UC1841/2841/3841 ae 
Power Supply eg 
Controf System 200KHz | X 24 Pin N, J;:%. 
UC2650/3850 : be 
Advanced Programmabie, ; 7 
Off-line PWM 
UC1851/3851 2 
High Current an ; 
Buck Regulator 15 Pin hava 
L296 , 


*NOTE 1: All current Mode Control Ih be used in “Voltage Mode” Also; consult Current Mode PWM Selection Guide. 
NOTE 2: N = Plastic Package 43 
J = Ceramic Package * = Surface Mount Available, Consult-Factory 


16 Pin N, J, * 


Power Supply Controls 
PWM Performance Chart 


SWITCHING REGULATOR CONTROL ICs 


Note: Most series available screened to /8838 Rev. C. 
PERFORMANCE CHARACTERISTICS 


High Frequency 
PWM Controllers 
UC1829/2823/3823 


UC1825/2825/3825 
High Frequency 

PWM Controllers 
UC1823A/2823A/3823A 
UC1825A/2825A/3825A 


Current Mode 

PWM Controllers jf 
UC1846/2846/3846 

UC1847/2847/3847 


Current Mode 


PWM Controllers 


UC1846A/2846A/3846A 16 Pin N, J, * 


Economy Primary 

Side PWMs 

UC1842/2842/3842 A : 
UC1843/2843/3843 8 PinN, J, * 
UC1844/2844/3844 

UC1845/2845/3845 


Programmabie 
Primary Side PWMs 16 Pin N, J, * 
UC1840/2840/3840 : 


Programmable 
Primary Side PWMs 18 Pin N, J, * 
UC1641/2841/3841 ; : 


Economy Primary 

Side PWMs 

UC1842A/2842A/3842A 

UC1843A/2843A/3843A iA 8 Pin N, J, * 
| UCI844A/2844A/3844A 

UC1845A/2845A/3845A 


Advanced Programmabie, 
Off-line PWM 
UC1851/3851 


Note 1: N= Plastic Package 
Js Ceramic Package 
* s Surface Mount Available, Consult Factory 
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Power Supply Controls 
Current Mode Application Guide 


CURRENT MODE CONTROL IC APPLICATION GUIDE 


Note: Most series available screened to /883B Rev. C. 


cf tt x 
MMEAEaEs 
et x 
“tet 
se a Lx 
x | x | ¥ | x | | 
Se be be be pe 
x | x | | | | 


xx | xt] tL 
xx | pdt EE | I 
A eed | Ped xf 
fx [xxx] 
ett a LE 


3% Use UC1706 Mosfet Driver for Single to Dual Output Conversion 


45, 


Power Supply Controls 


Resonant Mode Control IC’s 


= |_ i 


a 
Led 
ia 
be 
[ea 
= 
LJ 
[_] 
ine 
es 


a _| 
Li 
[| 
| a 
|_| 
| i 
[ | 
| 
L 


OOO 
iti 


ae a PROTECTION CIRCUITRY 
UNDERVOLTAGE LOCKOUT 

ZERO VOLTAGE SWITCHING 

ZERO CURRENT SWITCHING 


ad 
>. 


INTEGRATED 


cIrNcuits o 
am UNITRODE . 
Power Supply Controls 


POWER SUPPLY SUPPORT FUNCTION 


TYRE : DESCRIPTION KEY FEATURES - | Packace 
'UC1543/2643/3543 Power Supply Supervisory |+ Over/Under-Voltage, and Current Sensing Circuits 16 Pin 
UG1944/2544/3544 | Circuit, Monitors and + Programmable Time Delays _ OL. 
8 | {Controls Power Supply * SCR "Crowbar" Drive of 300mA | (1543 Series) 

_ {Output * Optional Over-Voltage Latch 
¢ Internal 1% Accurate Reference 
4 : * Remote Activation Capability 18 Pin 
aed + Uncommitted Comparator DIL 
LS Ue a + Inputs for Low Voltage. Sensing (UC1544 Series only) (1544 Series) - 
UC1705/2705/3705 : 
: os Pe evorare? a See Power Driver & Interface Circuit Section 
jucioss70g 
'UC1709/3708 
UC1710/8710 
CAT1871t 
UC 1832/2632/3832 | Precision Low * Precision 1% Reference (1832 series) 
13/2833/3833 - | Dropout Linear * Over-Current Sense Threshold Accurate to 5% 14 Pin 
{Regulator + Programmable Duty-Ratio Over-Current Protection DIL 
* 4.5V to 36V Operation 
* 100mA Output Drive, Source or Sink 
* Under-Voltage Lockout . 
Additional Features of the UC1832 series: - (1833 series) 
+ Adjustable Current Limit to Current Sense Ratio 8 Pin 
+ Separate +Vin terminal DIL 


+ Programmable Driver Current Limit ° 
* Access to Vrer and E/A(+) 
* Logic-Level Disable Input 


igh Efficiency Linear * Minimum Vin — Vout less than 0.5V at 5A Load with External 16 Pin 
| Regulator, Low Input- Pass Device DIL 
| Output Differential * Equally Usable for either Positive or Negative Regulator Design 
* Adjustable Low Threshold Current Sense Amplifier 
+ Under-and Over-Voltage Fault Alert with Programmable Delay - 
+ Over-Voltage Fauit Latch with 100mA Crowbar Drive Output 
{High Efficiency Regulator | * Complete Controt for High Current Low Dropout Linear Regulator 8 Pin 
| Controllers + Accurate 2.5A Current Limiting with Foldback DIL 
5V Fixed (1835 Series) * Internal Current Sense 
| Adjustable (1836 Series) * External Shutdown 
| Magnetic Amplifer * Indpendent 1% Reference 16 Pin 
| Controller * Two Uncommitted, Identical Op Amps DIL 
+ 100mA Reset Current Source with - 120V capability Power Pkg. 
{Isolated Feedback * An Amplitude-Modulation System for Transformer 14 Pin 
Generator Coupling an Isolated Feedback Error Signal DIL. 
Stable and Reliable * internal 1% Reference and Error Amplifier 
Alternative to an Optical + Loop Status Monitor ‘ 
Coupler + Low-Cost Alternative to Optical Couplers 
+ internal Carrier Oscillator Usable to 5MHz 
* Modulator Synchronizable to an External Clock 
Quad Supply and Line * Monitor Four Power Supply Output Voltage Levels 18 Pin 
Monitor | + Both Over- and Under-Voitage Indicators DIL 


Precision System ? + Internal inverter for Negative Level Sense 
* Adjustable Fault Window 
+ Additional Input for Early Line Fault Sense 


* On Chip, High-Current General Purpose OP-AMP 


47 


py Le 


ciRcuITs 
a UNITRODE 
Power Supply Controls 


EBeRver Dee ONS CIRCUITS 


ne 


* Matched, Four Diode Monolithic Array __ - : mm 6 te 
* High Peak Current ; ; ° : ; 
* Low Cost MINIDIP Package” : 

+ Low Forward Voltage 

_|+ Parailelable for Lower Vr or Higher Ve 

+ Fast Recovery Time . 

« Military Temperature Range 


Any Analog to Digital monitoring system; coupled with any of a wide range of sensors almost 
any type of physical phenomena may be monitored. Samples: : 

* Air-Flow Sensor Circuits 

+ Liquid or Gas Flow Circuits 

* Passing Object Circuits 


"IC Circuitry that results in optimized charge cycles for specific battery applications." 
* Uninterruptable Power Supplies 

* Portable Electrical Equipment 

* Emergency Power and Light Systems 

* Volatile Data Handling Computers—Power Back-Up 


By combining a temperature monitor and heater, this IC permits airflow velocity past the IC 
package to be mointored. 

* On-Chip Temperature Transducer 

* Temperature Comparator Gives Threshold Temp-Airflow Alarm 

+ Low 2.5mA Quiéscent Current : 


*3.5V to 15V operation as a convertor 
* Low voltage-loss © 
*100mA output current . 
* Low 2.5mA quiescent current 

* Reference and error amplifier oF regulation 
External shutdown : 

« Can be paralleled BoA % 


* Can Function as a General- |-purpose Low-power Conticiar 

* Fully Synchronizing Oscillator 

* Synchronization to Secondary side Logic 

+ Leading Edge Blanking of Current Sense 

* 50% Maxirrium Duty Cycle - . : en : 
+ Undervoltage Lockout - 2 We yet = 
* Programmabie Low Line Sensing ; “4 

«Programmable Softstart ~ . 

« Programmable Fault/Restart Delay 

ISDN FEATURES 

+ Zero-power Startup Capability 

* Restricted Mode Detection 

« Frequency Agile. PWM in Restricted Mode 

* Precision Programmable Quiescent Current 

« Very Low Quiescent Power for CCITT.25mW Restricted Mode 

- Accurate, Programmable input Power Limit or Input Current Limit 


4 


+ Wide Operating Range. 

* Fully Synchronized Oscillator 

* Temperature stable Oscillator . 

* Logic Level Synchronization Input So iy) ib 
» Precision Reference | 

© Error Amplifier for | Loop Regulation and Compensation 

* Undervoltage Lockout 

ISDN FEATURES 

»* Low Line Logic Output. . ; 

* Restricted Mode Logic Output : 

* Precision Programmable Quiescent Current 

+ Very Low Quiescent Power for CCITT 25mW Restricted Mode 
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INTEGRATED 
dW. CIRCUITS ~ 


= UNITRODE 
Power.Supply:Controls 


THREE TERMINAL FIXED AND ADJUSTABLE REGULATORS 
VOLTAGE REGULATOR SELECTION GUIDE 


UC117HV. - - 


Adj. 1.2V ta 57V H) TO-39 | 
Adj. 1.2V to 37V - UC117H_ . . | (L) Ceramic LCC 
Fixed +5 -5V UC7B05A . UC7905A UC7805 UC7905 a Aas 

+12V -12V UC7812A uc7902A =: | UC7812 uG7912 | (L) Ceramic LCC] 
+15V -15V UC7815A UC7915A UC7815 UC7915 ye 
Fixed +5V__ UC7805A UG7805 
Fixed +12V UCTB12A. . UC7812 (QT0 
; : Soe (G) (1G) TO: 257 
Fixed +15V ° UC7815A UC7815 (Hermetic) 
Adj. +1.2Vto+37V. ss |UCTI7_ uC117 

[Fixed-5SV 0c UC7905A UG7905 

Fixed -12¥° UC7912A uc7912 (K) TO-3,-- |. 

7 (G) AG) TO-257 |, 

ixed -15V UC7915A UC7915 (Hermetic) * °|' 
j. -1.2V to +33V UC137 UC137 

ixed —5V UC1890-5 eee 

dj. +1.2V to +37V UC150- UC150 (G) (IG) TO-257 
Ses mh fi : : (Henmetic). 

dj. —1.2V to -32V UC1033, UC3033 UC1033, UC3033 


NOTE: See QPL or SMD listings for specific military part numbers 


TO-39 (H) 


PLASTIC PLCC 


TO.3(K) 
G= NON ISOLATED CASE 
IG = ISOLATED CASE - 


(Similar to 
‘TO-220 package) 


T0257 HERMETIC 


INTEGRATED 
CIRCUITS 


aan UNITRODE 


3 AMP POSITIVE VOLTAGE 


REGULATORS 
FEATURES 


e Guaranteed Power Dissipation 
50 Watts «@ 80°C Case 
e Guaranteed input-output differential: 
+ 2.6 Volts 
e Low noise, band gap reference 
« Remote sense capability 
_ ¢ Sample power cycled burn-in 
e Guaranteed thermal resistance junction 
‘to case: 0.9°C/W 
e Available in TO-3 and TO-247 packages 
e Grounded case 


~ ABSOLUTE 
- MAXIMUM RATINGS 


PARAMETER | SYMBOL | MINIMUM] MAXIMUM | UNITS 
input Voltage : Vin 30135) | Volts 
Power Internally 
Po | Limited's) 


0.9 “C/Watt 


Dissipation 


| Thermat Resis- 
tanc: Junction 
To Case 


Operating 
Junction Tem- 1, ¢ 
perature 
Range 
LAS 1900 = 
LAS 19U 55 
LAS1900P 


Storage Tem- 
perature Tst¢ 
Range 


Lead Tempera- 
ture (Solder- 
ing, 60 Sec- 
onds Time 
Limit) 


Trap 300 ¢ 


() Short circuit protection is onty assured to Vjy max. Value of 30V applies to 
Vo of = 5V to + 12V. Value of 35V applies to Vp of 15V and LAS 19U. 

(2) In case of short circuit with input-output voltages approaching V,y max, 
regulator may require the removal of the input voltage to restart. 

3) For operation above 80°C Tease. derate @ 1.111 watt °/C. 


DEVICE SELECTION GUIDE 


es eee ee 
eee 


LAS 1912P LAS 1912BP LAS 19A12P 


LAS 19 (Adjustablé/Remote Sense) ‘: 
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LAS 1900 
SERIES 


DESCRIPTION 


The LAS 1900 Series voltage regulators 
are monolithic integrated circuits designed 
for use in applications requiring a well reg- 
ulated positive output voltage. Outstanding 
features include full power usage up to 5.0 
amperes of load current, internal current - 
limiting, thermal shutdown, and safe area 
protection on the chip, providing protection 
of the series pass Darlington, under most 
operating conditions. Hermetically sealed 
copper and copper/stee] TO-3 packages 
are utilized for high reliability and,low 
thermal resistance, while the TO-247 pack- 
age is intended for cost effective designs. 

A low-noise, temperature stable band gap 
reference is the key design factor insuring 
excellent temperature regulation of the 

LAS 1900 Series. This, coupled to a very 
low output impedance, insures superior 
load regulation. 


The LAS 19U, a four terminal, adjustable 
regulator is available with an output range 
from +4 to +30 Volts, providing remote 
sense capability with a single 
potentiometer. 


.BLOCK DIAGRAM 


O INPUT 


LIMITING O3u 
AMPLIFIER. 


ae SAFE AREA 
PROTECTION 
CURRENT 


© OUTPUT 


0.25KN. 
{DEPENDS ON Vo} conTROL 


© LAS 190 
OnLy 


VOLTAGE 
REGULATION 
AMPLIFIER 


THERMAL OVERLOAD 


aol THIS INTERNAL 
CONNECTION 
FOR FIXED 
ONLY 

© COMMON 


Bottom View Bottom View 


1 -— Common 
2 - Control 
3 - Output 
— input 
Case is common 


1— Input 

2 - Common 

3 — Output--- > 
Tab ts Common 


1 ~ Input 


2 — Output 
Case is common 


NOTE: Case temperature measured at point x. 
ELECTRICAL CHARACTERISTICS 


Input voltage test conditions are as follows: V, = Vo + 3 Volts, V2 = Vo + 10 Volts, 
‘V3 = Vg + 15 Volts, or the maximum input, whichever is less. 


Test Conditions ee Test Limits 
Ip Ty Min |” Max Units 
Output Voltage? 10mA to 5.0A 25°C Volts 


LAS 1900": 
LAS 1900B' 
LAS 19A00" 
LAS 19U5 


Lata es ees 0-125 | 26 Volts 
Line Regulation2 REG cine V, to Vs .~ 3.0A 25°C : 1.0 %Vo 
¢ ) : 


Vv, | 10mA to 5.0A | - 25°C 0.6 %Vo 


0.95IVol_ | 1.051Vol 

0.97IVolt_ | 1.051Vol 

O.9BIVol | 1.02[Vol 
4.0 30.0 


Vv; 10mA 


Temperature 

- Coefficient 

Output Noise? Vv: 

Voltage 3 : 

Ripple © : F 
: IEC} rn Vin-Vourt ha ia 

Power Dissipation 2 6V to 10.0V Homa 5.0A.| 0-125°C 


\) Nomina! output voltages are ‘specified under Device Selection Guide. 
‘2) Low duty cycle pulse testing with-Kelvin connectians required. Die temperature changes must be accountec for separately. 
® BW = 10Hz - 100KHz 
‘4; Ripple attenuation is specified for a 1Vrms, 120Hz, input rippte. 

Ripple attenuation is minimum of 60 df at 5V output and is 1 dB jess for each volt increase in the output voltage. 
Vg = Ve (1 + RI/R2) 

= Resistance from output to control 
R2 = Resistance from control to common 
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OPERATIONAL DATA 


POWER DERATING CURRENT LIMIT 


\ TYPICAL 
T, = 25°C 
40 N\ 


BNGae 
a 


\ ISUARAITEED 
\eowen AREA 
PT = 0-125°C 
26 10 20 30 40 50 


-55 80 90 100 110 120 130 140 150 Vew'Vour (VOLTS) 


CASE TEMPERATURE (°C) 
(MEASURED BETWEEN THE TERMINALS) 


Dp 
So 
L 
to 
oO 


nN 
o 


OUTPUT CURRENT (AMPS) 


POWER DISSIPATION (WATTS) 
Q 
o 


= 
i=] 


TYPICAL RIPPLE ATTENUATION VS FREQUENCY 


oa 
_ 
z 
z 
2 
a Vin = 10Vp6 +. 1V 
cE in = oc RMS 
& | Vo = 5V 
g 
a 
FREQUENCY (Hz) 
"TYPICAL INPUT-OUTPUT VOLTAGE DIFFERENTIAL TYPICAL OUTPUT ; 
, VS JUNCTION TEMPERATURE IMPEDANCE VS FREQUENCY 
3. 
g = = a 1900 LZ AA : 
2 = cl a 
: ae w 
>. = 
z a 
>t w 
2 
1.0 jo= 5 
~55 -25 0 25 50 75 100 125 150 5 
2 


“JUNCTION TEMPERATURE (°C) 


“10 100 “4K 10K 100K 
FREQUENCY [Hz) 
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TYPICAL APPLICATIONS 


FIXED VOLTAGE REGULATOR" 


“ae | 
LAS 1900 
Ri 


2000 .F/ AMP 


RECTIFIED 
INPUT, 
Cr): 


Re 


2000 .F/AMP 


= Vo = Ve (1 +°R1/ Rp) 


1C, and Cz should be placed as close as possible to the regulator. 
2 Vo 2=10mA 
R, + Re 
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TYPICAL APPLICATIONS 


FIXED CURRENT REGULATOR ' 


RECTIFIED 
INPUT 


LAS 1900 


Vo 
Cin 2000 j.F/ AMP ? 
Ri 
V, 
— k=lo+ 
L Rp 
ADJUSTABLE CURRENT REGULATOR" 
RECTIFIED 
INPUT 
+ 
Vo 
Re 


Vp = Vz (1 + Ry/ Ro) 


1C, and C, shouid be placed as close as possible to the regulator. 


2 Vo =10mA 
R, + Ro 
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DEVICE OUTLINE 


TO-3 (COPPER/STEEL) TO-3 TO0-247 


a je 0 175 R MAX 
0.157 MAX BOTH ENDS - 
BOTH ENDS 


0.0374 
0-0475 DIA 
2 LADS 


Ali dimensions are in inches. i 
. 
| 
| 
. s oT 


Unitrode integrated Circuits Corporation 
7 Continental Boulevard. ¢ P.O. Box 399 * Merrimack, New Hampshire «03054-03989 


Telephone 603-424-2410 ¢ FAX 603-424-3460 ong ; 
“15 


INTEGRATED 
cIRCUITS 


au UNITRODE 


8 AMP POSITIVE VOLTAGE 
REGULATORS 


FEATURES 


¢ Guaranteed Power Dissipation 
80 Watts:@ 69°C Case 

e Guaranteed input-output differential: 
+ 2.6 Volts 

e Low noise, band gap reference 

Remote sense capability 

e Sample power cycled burn-in 

e Guaranteed thermal resistance junction 
to case: 0.7°C/W. 


ABSOLUTE 
MAXIMUM RATINGS 


PARAMETER | SYMBOL an MAXIMUM 
Input Voltage | 250 2) | | 250 2) | | Volts | 


Vin 
Py Internally 
Limited's) 
oS ac wig 


perature Tere °C 
Range ; 


Lead Tempera- 

ture (Solder- é 
ing, 60 Sec- | Teap C 
onds Time 

Limit) 


‘ Short circuit protection is only assured to Vij = 25V max. 

‘2) In case of short circuit, with input-output voltages approaching 25V, reg- 
ulator may require the removal of the input voltage to restart. 

‘3 For operation above 69°C Toase. derate @ 1.42 Watt/°C. 


BLOCK DIAGRAM 
a 


Power 
Dissipation 


Thermal Resis- 
tance Junction 
To Case 
Operating 
Junction Tem- 
perature 

Range 


Storage Tem- 


© INPUT 


CURRENT 
LIMITING 
AMPLIFIER 


VOLTAGE 
REGULATION 
AMPLIFIER 


© ouTPuT 


THERMAL OVERLOAD 


ane THIS INTERNAL 
NNECTI 

FOR FIXED 

LAS 3905K SERIES 

ONLY 

© coMMON 


LAS 3905K, LAS 39U 
Note: See p. 3 for LAS 3905 Block Diagram 
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LAS 3900 
SERIES 


DESCRIPTION 


The LAS 3900 Series voltage regulators 
are monolithic integrated circuits designed 
for use in applications requiring a well reg- 
ulated positive output voltage.’ Outstanding 
features include full power usage up to 
8.0 amperes of load current, internal 
current limiting, thermal shutdown, and 
safe area protection on the chip, providing 
protection of the series pass Darlington, 
under most operating conditions, 
Hermetically sealed copper and copper/ 
steel TO-3 packages are utilized for high 
reliability and low thermal resistance. A 
low-noise, temperature stable band gap 
reference is the key design factor insuring 
excellent temperature regulation of the 
LAS 3900 Series. This, coupled to a very 
low output impedance, insures superior 
load regulation. 


The LAS 39U, a four terminal, adjustable 
regulator is available with an output range 
from +4 to +16 volts, providing remote 
sense capability with a single 
potentiometer. 


LAS 3905K LAS 3905 


2 — Output 2 — Common 

3 — Sense 

4 — Output 
Case Is Common 


Case Is Common 


LAS 39U 


1 — Common 
2 — Control 


3 — Output 
4 — Input 
Case Is Common 


NOTE: Case temperature measured at point X. 


ELECTRICAL CHARACTERISTICS 


¥ 
nF 


Input voltage test conditions are as follows: V; = Vo + 3 Volts, Vy = Vo +10 Volts, 
V3 = Vo + 15 Volts, or the maximum input, whichever is less. 


. Jest Conditions | Test Limits 


Parameter Ty Min 
Output Voltage?” "40mA to 8.0A 
LAS 3905! 0.95\Vol_ | .1.051Vol 
LAS 3905K? 0.971Vol_ | 1.051Vol 
LAS 39A05, - 0.98{Vgl | 1.02[Vol 
- 39A05K', ‘ ee ihlas, 
“LAS 39U5 4.0 16 
Input-Output BA 0-125°C | 2.6 Volts 
- | Differential - +] ae : ; : 
Line Regulation2 5A ie | 2.0 —  %No 
‘Load Regulation? bes {0mA to 8.0A | 25°C ; %Vo 
Quiescent Current 10mA it 25°C mA 
peer oer Abedin 10ma 25°C _mA j 
peace (BC tre 10mA to 8.0A | 25°C mA 
Current Limit? Nin 25°C 18 ‘Amps 
Temperature : 1 9&9) 9 0 
canicdet Te 0.1A 0-126 C 0.03 *V fC 
Output Noise? 1980 
Voltage ae 0.1A 0-125°C 10 LVims/V 
Ripple ° 
hand Ra Vo + 5V 2.0A 0-125°C 60 dB 
Na | Ve V; to Vp 10mA 25°C 3.6 4.0 | Volts 
igaj ji Vin-Vour - 21 
Power Dissipation Py 2 BV to 10.0V 10mA to 8A 0-125°C 80 Watts 


() Nominal output voltages are specified under Device Selection Guide. 
2) Low duty cycle puise testing with Kelvin connections required. Die temperature changes must be accounted for separately. 
2) BW = 10Hz - 100KHz 
( Ripple attenuation is specified for a 1Vrms, 120Hz, input ripple. 
Ripple attenuation is minimum of 60 dB at SV output and is 1 dB less for each volt increase in the output voltage. 
8) Vo = Ve (1 + RI/R2) 
R1 = Resistance from output to control 
R2 = Resistance from contro! to common 
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DEVICE SELECTION GUIDE OPERATIONAL DATA 


Vour TOLERANCE POWER DERATING 
+5%, —3% +2% 


LAS 3905* LAS 3905K | LAS 39A05", 


39A05K a 
an 
LAS 39U* (Adjustable) E 
*Remote Sense Capability = 
2 
« 
wo 
Q 
a 
BLOCK DIAGRAM gf 
: $ 
~ 55 20 40 60 80 100 120 140 160 
CASE TEMPERATURE (°C), 
(MEASURED BETWEEN THE TERMINALS) 
th 
a AMPLIFIER TYPICAL INPUT-OUTPUT VOLTAGE DIFFERENTIAL | 
& : VS JUNCTION TEMPERATURE 
i=} 
| 
& 
= 
VOLTAGE = 
REGULATION @ 
AMPLIFIER a 
= 
LAS 3905 z 


-55 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 
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OUTPUT IMPEDANCE (m2) 


a 
oO 


wo 


RIPPLE ATTENUATION (d8) 
foo} 


OPERATIONAL DATA 


CURRENT LIMIT 


TYPICAL - 


OUTPUT CURRENT 


TYPICAL. 
Ty = 125°C 


26 4 6 8 10 12 14 16 18 20 22 24 26 
Vin-Vour (VOLTS) 


TYPICAL OUTPUT IMPEDANCE VS FREQUENCY ~ 


= Vo +5 Volts 
= +5 Volts 


10 100 1K 10K 100K ~ 4000K 
: FREQUENCY. (Hz) 


TYPICAL RIPPLE ATTENUATION VS FREQUENCY 


0 . Vin = Vo +5 + 1Vams __| 


~lo = 4A 


Vo =5V 
T, = 25°C 


°o 


FREQUENCY (Hz) 
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TYPICAL APPLICATIONS 


FIXED VOLTAGE REGULATOR" 


RECTIFIED 
INPUT 


LAS 3905K 


Ri 


2000 jxF/ AMP. 


RECTIFIED 
INPUT 


LAS 39U 


C, 


Cin 2000 .F/AMP 


= Vy = V, (1 + R1/R,) 


1C, and Cz should be placed as close as possible to the regulator. 
2 Vo  2=10mA 
R, + Re 
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TYPICAL APPLICATIONS | 


FIXED CURRENT REGULATOR’ 


RECTIFIED 
INPUT 


RECTIFIED 
INPUT 


°C 


Cin 2000 yF/ AMP 


— 


-§ 


—s IL = lg + Vo + Vo 
R, +R, Ry 
Vo = Ve (1 + Ry / Ro) 


1C, and C, should be placed as close as possible to the reguiator. 
2 Vo = 10mA 
R, + Ro 
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TYPICAL APPLICATIONS 


FIXED VOLTAGE REGULATOR WITH REMOTE SENSE! 


RECTIFIED 
INPUT 


LAS 3905 


2000 F/AMP 


FIXED CURRENT REGULATOR' on 


RECTIFIED 
INPUT 


6, 


Cin 2000 .F/ AMP 


V, 
= i= Ig + 2 
; t Ro 


1C, and C, should be placed as close as possible to the regulator. 
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DEVICE OUTLINE 


TO-3 (COPPER/STEEL) TO-3 (COPPER) 
O) 1.050 MAX 
ge 
0.175 R MAX. 
yee BOTH ENDS or 
BOTH ENDS 0.525 R MAX 
: 1.575 MAX. 
wes |S48h 
0.115 i; MAX. | 
0.094 0-108 
6.110 


0.0374 
0.165 


DIA 
2 LEADS 


0,150 
0.165 DIA 
2 HOLES: 


Unitrode espeaees Circuits Corporation — 
7 Continental Boulevard. * P.. Box 399 * Merrimack, New Hampshire ¢ 03054-0399 
Telephorie 603-424-2410 « FAX 603-424-3460 
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INTEGRATED 
cIRCUITS 


eas UNITRODE 


LAS 6350 
SERIES 


5 AMP SWITCHING REGULATORS 


FEATURES 


e DC to 100 kHz operation 

e Adjustable output voltage 
e Cycle-by-cycle current limit 
e internal thermal shutdown 
e Inhibit/enable control pin 


ABSOLUTE 
MAXIMUM RATINGS 


PARAMETER SYMBOL MAXIMUM 
Contro! Circuit Vottage | Ve 


Output Collector 
Voltage 


| Power Dissipaticn Internally Watts 
Limited 


Thermal Resistance 
Junction to Case ‘ 
LAS 635086351 | 2.1 
LAS 6350P1&6351P1 11 


Operating Junction . 
and Storage Tempera- : ~25 to 125 
ture Range 


Lead Temperature 
(Soldering) 
60 sec for TO-3 
10 sec for SIP: 


DEVICE SELECTION GUIDE 


[_oewce cone art [ PACING] 


BLOCK DIAGRAM 


DESCRIPTION 


The LAS 6350 Series are monolithic 
integrated circuits designed for fixed fre- 
quency, pulse width modulated, switching 
converter applications such as step-down, 
step-up, flyback, forward, Ciik and volt- 
age inverting DC-to-DC converters and 
motor controls. The LAS 6350 Series in- 
cludes a temperature compensated 
voltage reference, sawtooth oscillator with 
over-current frequency shift, linear trailing 
edge pulse width modulator with double 
pulse suppression logic, transconduc- 
tance error amplifier, and a.5 amp 
Darlington output transistor with internal 
current limit protection. 


The LAS6350 & 6350P1 can be used in 
step-down or step-up applications. The 
LAS6351 & 6351P1 are for step-down ap- 
plications where current limit adjustment 
is necessary. The LAS 6350 Series is 
available in TO-3 steel packages for true 
hermetic seal and. board insertable plastic 
SIP packages. . 


LAS6350 


Bottom View 


LAS6351 LAS6350P1 


j fe] 
Case is Ground Tab is Ground 


) 
Tab is Ground 
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ELECTRICAL CHARACTERISTICS 


Test conditions are as follows: Voc = 24V, Vo = SV, Ip = SA, C, = 0.0056pF, 
T, = 25°C, unless otherwise specified. 


Parameter 3 ve Tiel Linon | Tyee [Nrnom 
ae ee ee ee 
[ine Regusion [EGov eso] [| Toons [oon | 
Ttmsenue Gatean te | [low io] [oot [one are J 


Initial Frequency P 
Accuracy 
Line Regulation of REG une) TeV) to 30V 0.15 %/V 
Frequency 
Frequency ae {Oto 125°C! %/°C 
Coefficient 


ie a er a ORE 


ERROR apetiees SECTION 


a a a 
ieee) Dae! Er es ee 


Output Sink/Source pe 
Current 

input Common Mode 

_.. Range 


Open Loop VoltageGan | |. | | 


OUTPUT SECTION 


Peak Switching Current 
Limit 


Output Saturation Voltage | Vo (sat) | Co = Voc ani 
Co = 


|__ Efficiency : n 


Current Rise Time ta -{ Inductive Load 100 ns 


Current Fall Time eT a a 


Mol Lilie bal 
[output init |] | || 06 | 075 [ 106 [wir | 
dua rt [ty [vos oy Je | Tm 


POWER DISSIPATION (WATTS) 


Fy (kHz) 


OPERATIONAL DATA 


POWER DERATING 


POWER DISSIPATION (WATTS) 


0 
0 25 50 75 ~~. < 100. 


CASE TEMPERATURE (°C) 
POWER DISSIPATION a 
VS INPUT VOLTAGE 


— 
> 
9 
G 
Q 
ve 
i 
2 
10 S$ 20 25 30 35 
INPUT VOLTAGE (VOLTS) 
; FREQUENCY VS 
TIMING CAPACITANCE 
a 
2 
Z 
< 
o 
0 
On 001 0.002 0.004 0.010 0.020 0.040 0.10 100 


C, (uF) 
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iK 


EFFICIENCY VS 
INPUT VOLTAGE 


INPUT VOLTAGE (VOLTS) 


ERROR AMPLIFIER 
OPEN LOOP GAIN 


10K = 100K 
FREQUENCY (Hz) 


1M 


TYPICAL APPLICATIONS 


DC-TO-DC STEP-DOWN CONVERTER 


Vyy = 24V 
Vour = 5V @ 5A 


DC-TO-DC STEP-UP CONVERTER 


+Vin +Vour 


GND GND 


. Vin = 12V 
Vout = 24V @ 1.5A 
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DEVICE OUTLINE ~ 


LAS6350, 6351 ~ LAS6350P1, 6351P1 
bb 
a ot =: hee Doe 
9253 
024 
i 
0.180 MAX 0618 
BOTH ENDS eng 0.371 
0.505 MAX 0360 


bt— 1.552 MAX —om4 

ise 7c 

0.100 MAK 

0.085 DIA® ja 2: 


oj9 ale 
> Bo 
x 
3 as 
° 
bed 
g 
3 
J 
Se 


0.042 0.390 | 0 
6.038. C098 Lis OT 
8 LEADS 0.088 446 192.4 
0182 
0.439 0.147 


TI 
CIRCLE ny 
0.105 0.037 | J 
08S | 0.873 0.027 . | 
0.863 
Front View 


NOTE: Ali dimensions are in inches. 
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INTEGRATED 
CIRCUITS 


mane UNITRODE 


LAS 6380 
SERIES 


8 AMP SWITCHING REGULATORS... 


FEATURES 


e DC to 100 kHz operation 

e Adjustable output voltage 
e Cycle-by-cycle current limit 
e Internal thermal shutdown 
e Inhibit/enable control pin 


ABSOLUTE 
MAXIMUM RATINGS 


PARAMETER SYMBOL 
b z 
Control Circuit Voltage Ve Votts 


C 
Output Collector Cs 
Voltage 


Power Dissipation Internally 
Limited 


Thermal Resistance 
Junction to Case 

LAS 638086381 
LAS 6380P1&6381P1 


Operating Junction 
and Storage Tempera- 
ture Range 


Lead Temperature 
(Soldering) 
60 sec for TO-3 
10 sec for SIP 


DEVICE SELECTION GUIDE 


eee | unnewr nart_[__ pcre] 
| 
[tas eacori | _—aes | Paste SP _| 
[tas exert | aati [Paste SP | 


BLOCK DIAGRAM 


-6, 
+E Ne O 
(LAS. 6380) 


cLs 
(LAS 6381} 


' Bottom View 


Case is Ground 


DESCRIPTION 


The LAS 6380 Series are monolithic 
integrated circuits designed for fixed fre- 
quency, pulse width modulated, switching 
converter applications such as step-down, 
step-up, flyback, forward, Ciik and volt- 
age inverting DC-to-DC coriverters and 
motor controls. The LAS 6380 Series in- 
cludes a temperature compensated 
voltage reference, sawtooth oscillator with 
over-current frequency shift, linear trailing 
edge pulse width modulator with double 
pulse suppression logic, transconduc- 
tance error amplifier, and an 8.amp 
Darlington output transistor with aerial 
current limit protection. 


The LAS 6380 & 6380P1 can be used in 
step-down or step-up applications. The 
LAS 6381 & LAS 6381P1 are for step- 
down applications where current limit ad- 
justment is necessary. The LAS 6380 
Series is available in TO-3 steel packages 
for true hermetic seal and board insert- 


-able plastic SIP packages. 


“ LAS6380 


LAS6381 LAS6360P1 LAS6381P1 


Tab is Ground Tab is S Ground 


ELECTRICAL CHARACTERISTICS 


Test conditions are as follows: Veg = 24V, Vo = SV, Ip = 8A, C, = 0.0056 pF, 


T, = 25°C, unless otherwise specified. 
aa| me | 


Test Conditions Test Limits 


T, Minimum 
1. 


REFERENCE SECTION ; tbe 
Reference Voltage. ae es a ee ee 
|_Line Regulation [REGuie,[12Vto30v] | | S|. | 004 
|__Temperature Coefficient | Tc _| 


| _ Line Regulation of REG wine) | 12V to 30V 0.1 0.15  %/V 
Frequency : 

| Frequency. Temperature. ~ Te 0 to 125°C 0.05 %/°C 
Coefficient 


|_Sawtooth Duty Cycle [ dc. [| P| 
ees ee 


Output Sink/Source _-.. 
_ Current 


input Common Mode 
Range 


OUTPUT SECTION 
Peak Switching Current lor 
; Limit 


CONTROL PIN 


| Output inhibit Ps 075 4.06 | Votts 
[| Quiescent Current [tp | Vo= ev TT tT 30 Tm 


OPERATIONAL DATA 
POWER DERATING 


j}—| ft 
(aa eel aa 


25 


= 20 
g LAS6380, 6381 \ 
z 15 
2 + 
z iz LAS6380P1, 6381P1 
8 10 
w 
a 
25 100-125 
CASE nae (°C) 
POWER DISSIPATION. ~ EFFICIENCY VS 
VS INPUT VOLTAGE INPUT VOETAGE 
90 
B 85 
3 7 
cs] = 80 
Z 2 
® 8 
a b 75 
c Ww 
wi 
= 
£ 
70 
: 65 
10 15 20.» 25 30 «35 10 20 
INPUT VOLTAGE (VOLTS) INPUT VOLTAGE (VOLTS) 
FREQUENCY VS ERROR AMPLIFIER, 
TIMING CAPACITANCE OPEN LOOP GAIN 
3 g 
= z 
“a 4 
ad Oo 
2 0 
0.001 0.002 0.004 0.010 0.020 0.040 0.10 100. 1K 10K 100K 1M 10M 
54 C, (uF) A FREQUENCY (Hz) 
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TYPICAL APPLICATIONS 


DC-TO-DC STEP-DOWN CONVERTER ~ 


Vin = 24V 
Vour = 5V @ BA 


DC-TO-DC STEP-UP CONVERTER 


68H 


wai 
ree 


: GND LAS63 
9 CASE Y 


Vig = 12V os 
Vour = 24V @ 2.54”. 


i 
* ee + 


ate 
” 


DEVICE OUTLINE °° 


LAS6380, 6381 — LAS6380P1, 6381P1 


~ 6180 MAX 
BOTH ENDS. 


: 0.505 MAX | aac 
1.552 MAX , 


. LEAD 40°C 
CIRCLE TYP 
7 PLACES 


Front View 


NOTE: All dimensions are in inches. 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. ¢ P.0..B0x 399-¢ Merrimack, New Hampshire «03054-0389 
Telephone. 603-424-2410 «FAX 603-424-3460 oe aoa: 


INTEGRATED 
CIRCUITS 


am INITRODE 


-5 AMP POSITIVE ADJUSTABLE - 


_ VOLTAGE REGULATOR 
FEATURES 


e Adjustable output down to 1.2V 

e Line regulation typically 0.005%/V 

e Load regulation typically 0.1% 

e Current limit constant with temperature 
e Standard 3-terminal, TO-3 package 


ABSOLUTE 
MAXIMUM RATINGS 
PARAMETER | SYMBOL [MINIMUM MAXIMUM | UNITS 


Fingueuipak 1 
Voltage Vin-Vourt 35 . Volts 
Differential 


Power — P Internally 
Dissipation B Limited 


Thermal Resis- : 
tance Junction Bic 1.0 °CWatt 
to Case g 


Operating Junc- : : : 
tion Tempera- Ty 0 125 Cc 
ture Range 


Storage Tem | = B: 
perature Range Tst6 e dey | Oy 


Lead Tempera- 
ture (Soldering, : : 6 

60 Seconds Terao S00 
Time Limit) 


LLM 338 


DESCRIPTION 


The LLM 338 voltage regulator is a mono- 
lithic integrated circuit designed for use in 
applications requiring a well regulated 
positive output voltage. Outstanding fea- 
tures. include full power usage’ up to 5.0 
amperes of load current, internal current 
limiting, thermal shutdown, and safe area 
protection on the chip, providing protec- 
tion of the series pass Darlington, under 
mést operating conditions. Hermetically 
sealed copper/stee! TO-3 packages are 
utilized for high reliability and:low thermal 
resistance. 


The LLM 338, a three terminal adjustable 
regulator, is available with an output 
range from +1.2 to +32 Volts. The out- 
put voltage is easily set by two external 
resistors. Since the regulator is “floating”, 
higher output voitages can be regulated 
as long as the maximum input-output volt- 
age differential is not exceeded. 


BLOCK tt 5 


eae 
CURRENT / 


AMPLIFIER 


VOLTAGE 
REGULATION 
AMPLIFIER 


© INPUT 


© OUTPUT 


THERMAL OVERLOAD 


QO ADJUST 


Ripple Rejection Ratios : V, = 10V 258 0°C to 125°C 60 : 
Caoy = pF} ° g 75 


ELECTRICAL CHARACTERISTICS 


ea natn | oat is 
Param es in | ow a [i 


ion? _ 25°C 0.005 | 0.03 | %/V 
ee sie : ee = Za ue p wee | [see fess | 3 | 


| Load Regulation? ~ 
25°C 5 | 25 | mv 
; 25°C 0.1 |0.5 | % 
TOMA to SA | ose to 125°C 20 | 50 | mv 
Vo = 5V 0°C to 125°C 0.3 | 1.0] % 


a epi ee ee 
Adjust Pin Current Change 3V to 35V 10mA to 5A | 0°C to 125°C |. {02 | 5 | wa 


Reference Voltage 3V to 35V 10mA to 5A | 0°C to 125°C jg] 1.24 [1.20] v | 
Temperature Stability a 0°C to 125°C eal ee 
Minimum Load Current 0°C to 125°C | | 35 | 10.0] ma | 


Current Limit : 5 8 
0°C to 125°C | 7 12 
1 


0.5mS peak 


RMS Output Noise4 


(1) Although power dissipation is internally fimited, these specifications are applicable for power dissipations of 50 Watts. : 

(2) Low duty cycle pulse testing with Kelvin connections required. Changes in output voltage due to heating effects are covered under the specification for 
thermal regulation. 

‘3 20mS pulse 

(4) BW = 10Hz to 10kHz 

(5) 120Hz input ripple 


TYPICAL APPLICATION 
ADJUSTABLE VOLTAGE REGULATOR*2 


RECTIFIED 
INPUT 


Vout 
O 


Vour = 1.25V (1 + R/R,) 


1€, needed if device is far from filter capacitors. 
2C. optional - improves transient response. 


4-35 


OUTPUT CURRENT (AMPS) 


OUTPUT VOLTAGE DEVIATION (%) 


ADJUSTMENT CURRENT (AMPS) 


OPERATIONAL DATA 


CURRENT LIMIT 


--- Peak Current Limit 
—DC Current Limit 


0 5 10 15 20 25 30 35 40 


Vins Vour (VOLTS) 


LOAD REGULATION 


~75~50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


ADJUSTMENT CURRENT 


~75 —-50-25 0 25 50 75'100 125 150 


TEMPERATURE (°C) 
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DROPOUT VOLTAGE 


Vin-Vour: (VOLTS) 


-75-50-25 0 25 50 75 100125 150 


TEMPERATURE (°C) 


Se STABILITY 


REFERENCE VOLTAGE (VOLTS) 


‘~75-50-25 0 25 50 75 100125 150 
TEMPERATURE (°C) 


RIPPLE REJECTION 


FREQUENCY (Hz) 


RIPPLE REJECTION (dB) 


DEVICE OUTLINE 


TO-3 (COPPER/STEEL) 
Zo O ©) 0.992 Max. 
0.157 | | 
MAX 
BOTH ENDS \ 0.492 R MAX. 


1.54 MAX 


0.0374 
0.0425 
DIA 
2 LEADS 


0.150 
0.165 DIA 
2HOLES 


Bottom View 


1 — Adjust 
2 — Input 


Case is Output 


NOTE: Case temperature measured at point X. 
All dimensions are in inches. 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. « P.O. Box 399 * Merrimack, New Hampshire e 03054-0393 
Telephone 603-424-2410 ¢ FAX 603-424-3460 4-37 


[Ly] saeene= 
eee UNITRODE L296 


High Current Switching Regulator 


FEATURES DESCRIPTION ; 

@ 4A Output Current The L296 is a stepdown power switching regulator delivering 4A at voltages from 5.1V to 
@5.1V to 40V Output Voltage Range 4OV. The device features programmable current limiting, remote inhibit, soft start, 

© 0 to 100% Duty Cycle Range thermal protection, reset output for microprocessors, and a PWM comparator input for 
© Precise (+2%) On-Chip Reference synchronization in multichip configurations. The L296 is offered in a 15-lead Multiwatt® 
© Switching Frequency up to 200KHz plastic power package and requires very few external components. Efficient operation at 
e Very High Efficiency (Up to 90%) switching frequencies up to 200KHz allows reduction, in size and cost, of external filter 
@ Very Few External Components components. A voltage sense input and SCR drive output are provided for optical 

© Soft Start crowbar over-voltage protection with an external SCR. 


e Reset Output 

© Control Circuit for Crowbar SCR 

© Input for Remote Inhibit and 
Synchronous PWM 

@ Thermal Shutdown 


ABSOLUTE MAXIMUI4 RATINGS : THERMAL DATA 

Supply Voltage, Va ....... 0. cece cece cece cette cn ences Thermal Resistance Junction-Case, @yc........... 3°C/W max. 
Input to Output Voltage Difference, V3 — Vo Thermal Resistance Junction-Ambient, Oya ...... 35°C/W max. 
Output DC Voltage, Vo....... 0... ccc cece e cece veces eaeee Note: Currents into the device (sink) are positive value. Currents out of 
Output Peak Voltage at t = O.lysec, f = 200KHz........... -7V the device (source) are negative value. 


Voltage at Pins L and 12,V4q, Vaz... cc cece eee eee teen 
Voltage at Pins 6 and 15, Ve, Vis.........0.. cece eee 
Voltage at Pins 4, 5, 7 and 9, Va, Vs, Vz, Vo,.....0.006 
Voltage at Pins 10 and 6, Vio, Veo........-. cece eee eee 
Voltage at Pin 14 (l44 S 1MA), Viq.. cc cece eee ween ee ois 
Pin 9 Sink Current, lg oo... . cece ccc c cece eee e eee eneeeenee 
Pin 11 Source Current, l11 
Pin 14 Sink Current (Vig < 5V), lag... cc cece cece cece ees 
Power Dissipation at Tcase = 90°C, Ptot.......eseeeeeeees 
Junction and Storage Temperature, Tj, Tstg.. -40°C to +150°C 


BLOCK DIAGRAM 


SUPPLY CURRENT CROWBAR CROWBAR 
VOLTAGE LIMIT (NPUT OUTPUT 


{1 


CROWBAR 
OSCILLATOR SAWTOOTH [crower] 


OSCILLATOR 


SYNC INPUT 


OUTPUT 


5.1V 
REFERENCE 
FREQUENCY [9] 
COMPENSATION 


FEEDBACK INPUT 


INHIBIT 
FLIP. 


RESET INPUT 


THERMAL zz 
SHUTDOWN RESET DELAY 
(14] RESET OUTPUT 


INHIBIT INPUT SOFT START 


LEAD FORM OPTIONS .~ 


V Package 


L296 


CONNECTION DIAGRAM (TOP VIEW) 


VH Package 


i 


Tab connected to Pin & 


| ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Tj = 2 


CROWBAR DRIVE 
RESET OUTPUT 
RESET DELAY 
RESET INPUT 
OSCHLLATOR F 
FEEDBACK INPUT ~ 
FREQUENCY COMPENSATION. 
GROUND, . 
SYNC. INPUT i 
INHIBIT INPUT 
SOFT-START 
CURRENT LIMIT 

_ SUPPLY VOLTAGE 
OUTPUT 
CROWBAR INPUT 


5°C, Vg = 35V, unless otherwise specified) TA=TJ 


PARAMETER 


[svmBor[ 


TEST CONDITIONS 


Dynamic Characteristics (Pin 6 to GND unless otherwise specified) - 


a Min. | Typ. | MAX 


“Output Voltage Range Vo 


Vg = 46V, lo = “1A 


Vaer 40 


‘Supply Voltage Range ‘| Vg 


Vo = Vrer to 36V, lo = -4A 


9 46 


Line Regulation - AVo 


2 Load Regulation 


Vg = LOV to 40V, Vo = Vaer, lo = -2A 


Re een lo=-2Ato-4A 10 30 ; 
pellets lo = -0.5A to “4A Ps | 45 


Internal Reference V3 = 9V to 46V, 
Average Temperature Coefficient AVREF oh eae 3 mat 
of Reference Voltaga* AT | T= 0°C to 125°C, lo = -2A 0.4 mv/°C 
Dropout Voltage (Between y lo = ~4A 2 3.2 v 
Pin 2 and Pin 3):. i 7 lo = -2A 4 | 1.3 | 2.1 V 
Maximum Operating Load Current lom V3 = 9V to 46V, Vo = Vaer to 36V -4 : A, 
| Current Limiting , V3 = 9V to 46V, Pin 4 Open : 78 A | 
“Threshold (Pin 2) cat Vo = Vrer to40V | Rim = 33K 25 | A 
Input Average Current isu Va = 46V, Output Short-Circuited 60 100 | mA | 
Effici : 1c'e 2A _| Vo = VacF 75 % | 
eae ate is Vo =-12V 35 | % 
Supply Voltage AV3 = 2Vems, fippie = 120Hz, : 
Ripple Rejection ada Vo = Vrer, lo = -2A ; a0 56 ae 
Switching Frequency: t 85 100 115 KHz 
Voltage Stability of ; | 
Switching Frequency V3 = 9V to 46V ; 0.5 | : % 
, Temperature Stability of — 7 . 
Switching Frequency* Tj = O°C to 125°C 1 fe % | 
Maximum Operating Vo = Vrer, fo = -1A, 
Switching Frequency - fmax | R= 1.75KQ, C = 2.2nF ee tide 
Thermal Shutdown : 5 oe 
Junction Temperature* Tisa pas Hee dct ' e 


* Guaranteed by design; not 100% tested. 


L296 


‘ELECTRICAL CHARACTERISTICS(Refer to the test circuit, Tj = 
PARAMETER SYMBOL TEST CONDITIONS 
DC Characteristics . 


25°C, V3 = 35V, unless sa specified) Ta=Ty 


[ win. | tye. | aa [unis 


2 Ve = OV 
‘ : = V3 = 46V, V7 = OV, ba 
Quiescent Drain Current : ize Vio = OV, Ve = 3V mA 
Output Leakage Current ~ Po ge Pin 11: wail Ve = 3V mA 
Soft Start 


Source Current 


== : 
=e 


Ve = OV, Vs = 3V 130 | -160 |. wA 
Ve = 3V, V5 = 3V 0- 120 pA 


Sink Current 
Inhibit 


Low Input Voltage Ver -0.3 0.8 Vv 
High Input Voltage Vex V3 = 9V to 46V, 5.5 Vv 
Input Current with V7 = OV, _ 
Low Input Voltage le V10 = OV, 10 HA 

: Pins 2. 11: Open 
Input Current with 1 3 A 
High Input Voltage om au 
Error Amplifier 
High Level Output Voltage Vou Vio = Vaer - 400mV, Ip = +1: 3.5 . Vv 
Low Level Output Voltage Vor Vio = Vaer + 400mV, Jo = - 100A 0.5 Vv 
Sink Output Current Ig Vio = Vaer + 400mV 100 150 de A, 
Source Output Current ‘ Vio = Vrer — 400mV 7 -100 | -150 = 


Input Bias Current Vio = 5.2V 


96 Open np in|“ [ape tv oe 


Oscillator.and PWM Comparator 


Input Bias Current of 
i CC ae 


Oscillator Source Current | ota | V4 = 2V, Pin 2: Open 


Rising Threshold Voltage 


Falling Threshold Voltage 


V3 = 9V to 46V, 
44 = 16mA, 


‘Pin 13: Open 


Delay Threshold Voltage 


Vs2.= 5.3V, lig = 16MA 


Delay Threshold Voltage Hysteresis 
Output Saturation Voltage 


Vi2 = 5.3V, lig = 16MA 


Input Bias Current 


Delay Source Current 
Delay Sink Current 


Vis = 3V, It4 = 16mA, Vi2 = 4.7V 


Output Leakage Current 


Input Threshold Voltage 


Output Saturation Voltage 


Input Bias Current 


= 6V, Vis = 2V 


Output Source Current 


* Guaranteed by design; not 100% tested. 


V3 = 9V to 46V, V1 = 6.5V, 
Vis = 2V 
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DYNAMIC TEST CIRCUIT 
RESET 
CROWBAR 
at.) 1 14 12, 
1296 
2 + 15KQ | C6 
390 
stow pF 
GND O— 
C7, C8: EKR (ROE) 
Li: L = 300uH at 8A aS ‘ Core type: MAGNETICS 58930 -.A2 MPP 
R= 50m2Q # INHIBIT N° turns: 43 Wire Gauge: Imm (18 AWG) 


APPLICATION INFORMATION 


Choosing the Inductor and Capacitor Resistor Values for 
The input and output capacitors of the L296 must fags alowESR Standard Output Voltages 


and low inductance at high current ripple. 


Saturation must not occur at current levels below 1.5 times the 
current limiter level. 
= (Va - Vo) Vo 
Vaf Alt 
_ Wa-Vo) Vo | 
BL I AVo | 


= frequency ; 
Alt =’Inductance current ripple : 
AVo = Output ripple voltage 
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Isq — (mA) 


f — (KHz) 


Quiescent Drain Current vs Supply Voltage 
(0% + 100% Duty Cycle) 


Vrer — (V) 


lo — (A) 


Gy — (dB) 


Reference Voltage (Pin 10) vs V; 


Open Loop Frequency and Phase 
re 


Response of Error Amplifier 

yi 

a 
| ) 
40 -40 

FIBER 
ae K 
20 -120 
10 +160 


1 10 100 1K 10K 100K 1M 
f — (Hz) 


Maximum C/L Thresholds 
ri aa 


L296 


(ssausep) — 7 


Vo — (V) 


Prot —(W) 


(%) 


Dropout Voltage Between Pin 3 and Pin 2 Power Dissipation Derating Curve 
vs Current at Pin 2 


Prot — (W) 


Power Dissipation (L296 only) vs ; Power Dissipation (L296 only) vs 
inpu' Output Volta 


put Voltage ge 
Bae ees Boa eee 
Vo = Viet 
Vi = 35V 
11 |f = 100KHz 

Aneesh ia 
ERT [ere] | be Foavee 

MBR1045 

ODE 


6 7 

ea é 
5 7 35 

3 
4 a 63 
3 1 
ans 
1 
OT 710 «15 (20 «25 «30 «35 «40° 45 5 9 13 17 21 
Vo — ) : Vo — (V) 


Efficiency vs Output Current 


L296 


L296 
CIRCUIT OPERATION 


Figure 1. Reset Output Waveforms 


OUTPUT NOW AN INTERRUPTION 
STABLE, RESET OF SUPPLY CAUSES 
Vo - “GOES'HIGH — RESET OF MICRO AT POWER DOWN. 
M INHIBITED 
HYSTERESIS IMMEDIATELY 


RESET: oe 
THRESHOLD — i 


MONITORED 
VOLTAGE 


RESET 
OUTPUT 


oo rn 


Figure 2. Soft Start Waveforms . 


OSCILLATOR CLAMPED ERROR 
z OUTPUT AMP. OUTPUT 
* NOMINAL* 
ERROR AMP. 
OUTPUT 
1: 
OUTPUT I 
CURRENT 


| 
| 
SOFT START RAMP 


Figure 3..Current Limiter Waveforms 


CURRENT 

LIMITER - 
TRIGGERS 

LIMIT 
THRESHOLD 


AVERAGE ‘ 
SHORT CIRCLIT 
CURRENT 


4-44 


CIRCUIT OPERATION (continued) 
{refer to the block diagram) 


The L296 is a monolithic stepdown 
switching regulator providing output 
voltages from 5.1V to 40V and delivering 4A. 


The regulation loop consists of a sawtooth 
oscillator, error amplifier, Comparator and 
the output stage. Anerror signal is produced 
by comparing the output voltage with a 
precise 5.1V on-chip reference (trimmed to 
+2%). This error signal is then compared 


with the sawtooth :sighal to generate the _ 2 
‘fixed frequency pulse width modulated 


pulses which drive the output stage. The 


gain-and frequency stability of the loop can - 


be adjusted by an external RC network 
connécted to Pin 9. Closing the loop directly 
gives an output voltage of 5.1V. Higher 
voltages are obtained by inserting a voltage 
divider. 


Output overcurrents at switch on are 
prevented by the soft start function. The 
error amplifier output is initially clamped by 
the external capacitor Css and allowed to 
rise, linearty, as this capacitor is charged by 
a constant current source. 


Output overload protection is provided in the 
form of a current limiter. The load current is 
sensed by an internal metal resistor 
connected to a comparator. When the load 
current exceeds a preset threshold this 
comparator sets a flip flop which disables 
the output stage and discharges the soft 
start capacitor. A secondcomparator resets 
the flip flop when the voltage across the soft 
start capacitor has fallen to0.4V. The output 
stage is thus re-enabled and the output 
voltage rises under control of the soft start 


network. If the overload condition is still. 


present the limiter will trigger again when 
the threshold current is reached. The 
average short circuit current.is limited to a 
safe value by the dead time introduced by 
the soft start network. 


The reset circuit generates an output signal * 


when the supply voltage exceeds a threshold 
programmed by an: external divider. The 
reset signal is generated with a delay time 
programmed by an external capacitor. 
When the supply falls below the threshold 
the reset output goes low immediately. The 
reset output is an open collector. 


The crowbar circuit senses ‘the output 
voltage and the Crowbar outputéan provide 
a current of 100mA to switch on an external 
SCR. This SCR is triggered when the output 
voltage exceeds the nominal by 20%. There 
is no internal connection between the output 
and crowbar serise input;-therefore the 
crowbar can monitor either the input or the 
output. 


Unitrode misprated Circuits Coaiuesan 
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PIN FUNCTIONS 


NAME 
CROWBAR INPUT 


FUNCTION 


Voltage sense input for crowbar over-voltage 
protection. Normally connected to the 
feedback input thus triggering the SCR when 
Vout exceeds nominal by 20%. May also 
monitor the input and a voltage divider can be 
added to increase the threshold. Connected to ' 
ground when SCR not used. 


OUTPUT Regulator output. 


CURRENT LIMIT © 


A resistor connected between this terminal and 
ground sets the current limiter threshold. 

If this terminal is left unconnected the threshold 
is internally set (see electrical characteristics). - 


SOFT START Soft start time constant. A capacitor is 
connected between this terminal and ground 
to define the soft start time constant. This 
capacitor also determines the average short 


circuit output current. 


TTL - level remote inhibit. A logic high level on 
this input disables the L296. 


Multiple L296s are synchronized by connecting 
the Pin 7 inputs together and omitting the 
oscillator RC network on all but one device. 


INHIBIT INPUT 


SYNC {NPUT 


GROUND 


FREQUENCY 
COMPENSATION 


Common ground terminal. 


A series RC network connected between this 
terminal and ground determines the regulation 
loop gain characteristics. 


FEEDBACK INPUT The feedback terminal of the regulation loop. 
The output is connected directly to this ‘ 
terminal for 5.1V operation; it is connected via 


a divider for higher voltages. se 


A paratel RC network connected te this 
terminal determines the switching frequency. 
This pin must be connected to Pin 7 input: 
when the internal oscillator is used. 


OSCILLATOR 


RESET INPUT Input of the reset circuit. The threshold is | 
raughly 5V. It may be connected .to the 


feedback point or via a divider to the input. 


RESET DELAY A capacitor connected between this terminal and 


ground determines the reset signal delay time. 


RESET OUTPUT Open collector reset signal output. This output 


is high when the supply is safe. 


CROWBAR OUTPUT _ | SCR gate drive output of the crowbar circuit. 


The thermal overload circuit disables circuit 

“operation when the junction temperature 
reaches about 150°C and has hysteresis to 
prevent unstable conditions. 


A TTL - level inhibit input is provided for 
applications such as remote on/off control. 
This input is activated_by high logic level and 
disables circuit operation. After an inhibit 
the L296 restarts under control of the’soft 
start network. 


yen 


at BP hice 


7 Continental Boulevard. * P.O. Box 399 « Merrimack, New Hampshire * 03054-0399 és as ie ® " 


Telephone 603-424-2410 FAX 803- 424-3460 ~ 
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INTEGRATED 
cirncuiTs 


ae UNITRODE ; - cate Beate: 
1.5A, Three Terminal Adjustable | | UC317 
Positive Voltage Regulators a 
FEATURES DESCRIPT! 1ON . 


¢ Output voltage adjustable from 1,2 to 37V 

© Guaranteed 1.5A output current : 

Line regulation typically 0.01%/V_ , 

© Load regulation typically 0.1% 

® Temperature-independent current limit 

@ Standard 3-lead transistor packages 
(TO-3, TO-220) (TO-3, TO-220, TO-5, 
TO-257, and isolated TO-257} : 


ABSOLUTE MAXIMUM RATINGS 


Power Dissipation. .......5:. 0... ceseeeeeee : 


This monolithic integrated circuit is an adjustable 3- terminal positive voltage regulator © 


- designed to supply more than 1.5A of load current with an output voltage adjustable 


over a 1.2 to 37V range. Although ease of setting the output yoltage to any. desired value 
with only two external resistors is a major feature of this circuit, exceptional line and 
load ‘regulation are also offered. In addition, full overload protection consisting, of. 


- current limiting; thérmal shutdown and safe-area control are included in this device 


which is packaged iri TO-3 and TO-220 packages. The UC117. is rated for operation 
from -55°C to.+150°C, the UC217 from -25°C to +150°C and the UC317 from 
0°C to +125°C. 


Réaahiat rebate anes ete Internally limited 


Input—Output Voltage, Differenti rere 


Operating Junction Temperature Range 
C117 


UC317 ...... 
Storage Temperature POsducgabaeecaeeie neow 


Lead Temperature (Soldering, 10 seconds) an 


Pin 1. Adjust 


2. Input 
Case: Output. 


TYPICAL APPLICATIONS 


1.2V—25V Adjustable Regulator 


*Needed if device is far from 
fitter capacitors 

tOptional—improves transient 
response 


tt Vor = 1.25v (1+ 42) 


jean eho ocaaloie 9 oie eo ais halen wnt da Nan 40V 


-55°C to +150°C 
. 725°C to +150°C 
- 0°C to +125°C 
65°C to +150°C 


-G, IG (TO-257) 
Non-isolated 
Pin Adjust 2 “ok 
(2. input ‘ 
3, Output. 
4. Output 


_ Isolated ; 
Pin. 1. Adjust 
2. Input | % 
3. Output 
4. No Connection 


tNPUTS 


*Value determines maximum Vour *Min eS: =1.2V 


ey 


to the Part Number. 


Note: When ordering, add Suffix “K” flor TO-3 package) or*T” (for TO-220 package): “G” (for inon-ieolaied 70-287) and a: (hor isolated. 70-267) on 


“e 


UC117, _UC217 UC317 


ELECTRICAL CHARACTERISTICS (Note 1) Ta=Tu 


UC117/UC217 


PARAMETER : TEST CONDITIONS 


Ta = 25°C, 3V <= (Vin — Vout) = 40V, 

(Note 2) 

Ta = 25°C, 10mA & lour S Imax 
Vour=S5V, (Note 2, 3) 
Vout=5V, (Note 2, 3) 

Thermal Regulation Ta = 25°C, 20ms Pulse 


Adjustment Pin Current 


Adjustment Pin Current 1OMA < I < Inax 
Change aS 2.5V < (Vin — Vout) < 40V 


Reference Voltage. 3 < (in — Vout) S 40V 1.20 | 
10mA <= lour = Imax, P< Purax ® 


3 = (Vin — Vour) S 40V, (Note 2) 

10mASlourSImax, (Note 2, 3) 

Vout = 5V 

Vour = 5V 

Twin ST) S Tax 

Vin — Vour = 40V 

(Vin — Vout) S15V 
K, T, G, IG Packages 
H Package 

Vin — Vout) = 40V 

K, T, G, 1G Packages 


Line Regulation 


i 


Load Regulation 


Line Regulation 


Load Regulation 


Temperature Stability 


Minimum Load Current 


Current Limit 


T, = 25°C, 10Hz < f < 10kHz 


Ripple Rejection Ratio. Vour = 10V, f = 120Hz 
Caps = 1LOyuF 
Long Term Stability Ta = 125°C, 1000 Hrs. 


Thermal Resistance, Junction | K Package 
to Case T Package 
H Package 
G Package 
IG Package 
Notes: 1. Untess otherwise noted, the above specifications apply over the following conditions: 

UC117: -55°C <T, < 125°C 

UC217: -25°C <T, < 125°C 

/UC317: 0°C = T, = 125°C 

Vin — Vout = 5V, lo = 0.5A, Imax = 1.5A:FOR'K, T, G, IG Packages 

Vin — Vour = 5V, lo = 0.1A, Imax = 0.5A FOR’H Package 

Pmax = 20W for K Package, 15W for T, G, IG Packages, and 2W for H Package : 
2. All regulation specifications are measured at constant junction temperatures using low duty-cycle pulse’testing. 
3. Measurement taken at 0.180 inches from case for G and IG Packages. 


UC117 UC217 UC317 
TYPICAL PERFORMANCE CHARACTERISTICS 
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INPUT-OUTPUT DIFFERENTIAL (V) : JUNCTION TEMPERATURE (°C) 
ae 
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_. 1.250 2 
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aw 
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a 7 oO 
1.230 
1.220 
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APPLICATION HINTS... - : 

In operation, the UC117 develops a nominal 1.25V reference 
voltage, Vrer, between the output and adjustment terminal. The 
reference voltage is impressed across program resistor R, and, 
since the voltage is constant, a constant current |, then flows 
through the output set resistor Re, giving an output voltage of 


Vour = Vaer ( 1 + Be). VnpuRe 


Figure 1 


Since the 100A current from the adjustment terminal represents 


an error term, the UC117 was designed to minimize lansand make © 


it very constant with line and load changes. To do this, all 
quiescent operating current is returned to the output establishing 
a minimum load current requirement. lf there is insufficient load 
on the output, the output will rise. 


External Capacitors 

An input bypass capacitor is recommended. A 0.1uF disc or luF 

solid tantalum on the input is suitable input bypassing for almost 
‘all applications. The device is more sensitive to the absence of 
- input bypassing whén adjustment or output capaciters are used 

but the above values ‘will eliminate the possibility of problems. 


The adjustment terminal can be bypassed to ground on the 
UC117 to improve ripple rejection. This bypass capacitor 
prevents :ripple from being amplified as the output voitage is 
increased. With a 10uF bypass capacitor 80 dB ripple rejection is 
obtainable at any output level. — 


In generat, the best type of capacitors to use are solid tantalum. 
Solid tantalum capacitors have low irripedance even at high 
frequencies. Depending upon capacitor construction, it takes 
about 25yF in aluminum electrolytic to equal Lyf solid tantalum 
at high frequencies. 


Although the UC117 is stable with no output capacitors, like any 
feedback circuit, certain values of external capacitance can 
cause excessive ringing. This occurs with values between 500pF 
and 5000pF. A lyF solid tantalum (or 25yF aluminum 
electrolytic) on the output swamps this effect and insures 
stability. : ; : 


Unitrode Integrated Circuits Corporation 


UC117 UC217 UC317 


Load Regulation : : ye BOE 

The UC117 is capable of providing extremely good load regulation: 
but a few precautions are needed to obtain maximum 
performance. The current set resistor connected between the 
adjustment. terminal and the output terminal (usually 240) 


__ should be tied directly to the output of the regulator rather than 


near the load. This eliminates line drops from appearing 
effectively in series with the reference and degrading regulation. 


With the TO-3 package, it is easy to minimize the resistance from 
the case to the set resistor by using 2 separate leads to the case. 
The ground. of Re can be returned near the ground of the load.to 
provide remote ground sensing and improve load regulation. 
Protection Diodes ; 
When external capacitors are used with any IC regulator it is 
sometimes necessary to add protection diodes to prevent the 
capacitors from discharging through low current points into the 
regulator. Most 10uF capacitors have low enough internal series 
resistance to deliver 20A spikes when shorted. Although the surge 
is short there is enough energy to damage parts of the IC. 


When an output capacitor is connected to a regulator and the 
input is shorted, the output capacitor will discharge into the 
output of the regulator. The discharge current depends on the 
value of the capacitor, the output voltage of the regulator, and the 
rate of decrease of Vin. In the UC117, this discharge path is 
through a large junction that is able to sustain 15A surge with no 
problem. This is not true of other types of positive regulators. For 
output capacitors of 25yF or less, there is no need to use diodes. 


“The bypass capacitor on the adjustment terminal can discharge 


through a low current junction. Discharge occurs when either the: 
input or output is shorted. Internal to the UC117 is a 509 resistor 
which limits the peak discharge current. No protection is needed 
for output voltages of 25V or less and 10yuF capacitance. Figure 2 
shows a UC117 with protection diodes included for use with 
outputs greater than 25V and high values of output capacitance. 


Cc + 
Re 10uF 7 


Vour = 1.25V ( 1 + + Relaoy 


hs D, protects against C, 
O. protects against C2 


Figure 2. Regulator with Protection Diodes 


7 Continental Boulevard. ¢ P.O. Box 399 « Merrimack, New Hampshire * 03054-0333 


Telephone 603-424-2410 * FAX 603-424-3460, 


4-49 


aacurts UC117HV 


aaa UNITRODE UC317HV 
High Voltage, 1.5A, Three Terminal Ad justable PRELIMINARY 
Positive Regulators. 
FEATURES DESCRIPTION 
© Output voltage adjustable from ‘1.2 to. 57V_ This monolithic integrated circuit is a high voltage version n of the popular UC117. it is an adjustable 
© Guaranteed 1.5A output current ‘ - 3-terminal positive voltage regulator designed to supply more than 1.5A of load current with an 
© Line regulation typically 0.01%/V ‘output voltage adjustable over a 1.2 to 57V range. Although ease of setting the output voltage to 
® Load regulation typically 0.1% any desired value with onty two external resistors is a major feature of this circuit, exceptional line 
© Temperature-independent current limit and load regulation are also offered. In addition, full overload protection consisting of current 
© Standard 3-lead transistor packages limiting, thermal shutdown and safe-area control are included in this device which is packaged in 
(TO-3, TO-5, isolated TO-3, TO-5 and TO-257 (isolated and non-isolated) packages. The UC117HV is rated for 
TO-257, non-isolated TO-257) operation from -55°C to +1§0°C and the UC317HV from 0°C to +125°C, 
® Also available with screening to DESC oe 
SMD number 77034 
ABSOLUTE MAXIMUM RATINGS 
Power Dissipation ..............0ceeeeee eee pina hole mae Neen aA Internally limited 
Input—Output Voltage Differential......... 0.6. cece cece cee encner aces 60V, -0.3V 
Operating Junction Temperature Range 
UCII7HV.......¢ faescia ee eha Da ole tale eeekn eRe bead 64a 1Gd ee Heme: “DO CO +190°C 
UCSIZAV:: sangre cv edaeinlal sing Suse ea tein Sues de aese Uhtratvaale ets 0°C to +125°C 
Storage Temperature ........ 0... cect eve cece cence ce eeeneneeeeeenens -66°C to +150°C 
Lead Temperature (Soldering, 10 seconds) Mera athe tis erareedeicuthae Wadia alaus faiate has ver .. .300°C 


G, IG (TO-257) | )-3) H(TO-5) 


Non-isolated 
Pin 1. Adjust . 
[ 04) 2. input 
3. Output 
4, Output 


Isolated 

Pin 1. Adjust Pin 1. Input 
2. Input -. Pin 1. Adjust 2. Adjust 
3. Output 2. Input 7 3. Output 
4. No Connection Case: Output } Case: Output 


TYPICAL APPLICATIONS 
1,2V—25V Adjustable Regulator BY Logic Regulator with 
UC117HV UC117HV 


Vue 2 28V 


*Needed if device is far from 
filter capacitors 

+Optional—improves transient 
response 


INPUTS 


tt Vour = 1.25V Ga + =) "Value determines maximum Vour *Min output = 1.2V 
, 


Note: When ordering, add suffix “K” (for TO-3 package), “G” (for non-isolated TO-257), “IG” {for isolated TO-257) and “H’” (for TO-5 package) to the part number. 
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UC117HV UC317HV 


Electrical Characteristics (Note 1, 2) Ta-Ts 


Line Regulation Ty = 25°C, 3V = Vw - Vour = 60V 
(Note 2) |, = 10 mA 


Load Regulation - : Ty = 25°C, 10 MA S lout S Imax 
Thermal Regulation ~ Ty = 25°C, 20 ms Pulse 
Adjustment Pin Current 


: 
F 


-} Adjustment Pin. Current Change 10 MA <I, S Imax 
: ; 3.0 V = (Vin - Vout) = 60V : 
Reference Voltage 3.0 VS (Vin - Vout) S 60V, 4 
; 10 MA € lout S Imax P =.Pax 


Veer 
Line Regulation (Note 2) | Rune | 3.0V < (Vin - Vout) < 60V, |, = 10 mA 
Load Regulation 10 MA < lour < hax (Note 2) 
i 


Temperature Stability 
(Vin - Vout) = 60V 


Minimum Load Current 


r) 


reef eLE-I 


RMS Output Noise, % of Vout 


Ripple Rejection Ratio 
: Capy =10 ma 


| Long-Term Stability |__| T, = 125°C, 1000 Hrs. (Note 3) aaa 


Thermal Resistance, i H Package 
Junction to Case _K Package (Note 3)” 
; : G Package 
IG Package 
Note 1: Unless otherwise specified, these specifications apply: -55°C < T, = 150°C for the UC117HV, and 0°C T, = 125°C for the UC317HV; Vin — Vour = 5V and 
lour * 0.1A for tte H package and lour = 0.5A for the K, G, 1G packages. Although power dissipation is internally limited, these specifications are applicable for power 
dissipations of 2W for the H and 20W for the K, G,1G. Imax is 1.5A for the K, G, IG and 0.5A for the H package. é . 
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. Pulse 
testing with low duty cycle is used. on 
Note 3: Guaranteed by design, not 100% tested in production. 


T, = 25°C, 10 Hz <f< 10 kHz ae od 


Vout = 10, f= 120 Hz 


| | 
[tan _| 
Current Limit lon (Vin - Vout) <= 15V 
. K, G, IG Packages 
a ‘i H Package 
(Vin - Vout) = 60V 
K, G, IG Packages 
H Package 
| 
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TYPICAL PERFORMANCE CHARACTERISTICS 


REFERENCE VOLTAGE (V) 


OUTPUT CURRENT (A) 


INPUT-OUTPUT DIFFERENTIAL (V) 
Temperature Stability 
1.260 
1.250 
1.240 
1.230 
1.220 


-75 -50 -25 0. 26 50 75 100 125 150 — 


JUNCTION TEMPERATURE (°C) 
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INPUT-OUTPUT DIFFERENTIAL (V) 


QUIESCENT CURRENT (mA) 


UC117HV UC317HV 


Prpas Voltage 


-78 “50 -25 O 25 50 75 100 125 150 


JUNCTION TEMPERATURE (°C) 


Minimum Operating Current 


INPUT-OUTPUT DIFFERENTIAL (V) 


APPLICATION HINTS 

In operation, the UC117HV develops a nominal 1.25V reference 
voltage, Vrer, between the output and adjustment terminal. The 
reference voltage is impressed across program resistor R, and, 
since the voltage is constant, a constant current |, then flows 
through the output set resistor Re, giving an output voltage of 


Vout = Veer ( 1 +fe) + tansRe 
te 6 


UC117HV 


Figure 1 


Since the 100uA current from the adjustmentterminal represents 
an error term, the UC117HV was designed to minimize4,n, and make 
it very constant with line and load changes. To do this, all 


quiescent operating current is returned tothe output establishirig - 


a minimum load current requirement. If there is insufficient load 
on the output, the output will rise. 


External Capacitors < 

An input bypass capacitor is recormmended. A 0. lu disc or 1uF 
solid tantalum on the input is suitable input bypassing for almost 
all applications. The device is more sensitive to the absence. of 
input bypassing when adjustment or output capacitors are used 
but the above values will eliminate the possibility of problems. 


The adjustment .terminal can be bypassed to ground on the 
UC117HV to improve ripple rejection. This. bypass capacitor 
prevents ripple from being amplified as the output voltage is 
increased. With a 10uF bypass capacitor 80 dB ripple rejection is 
obtainable at any output level. _ 


In general, the best type ofcapacitors to use are solid tantalum. 
Solid tantalum capacitors have. low. impedance even at high 
frequencies. Depending upon‘capacitor construction, it takes 
about 25yF in aluminum electrolytic to equal 1uF solid tantalum 
at high frequencies. 


Although the UC117HV is stable with no output capacitors: like any 


_ feedback circuit, certain values: of external capacitance can 
cause excessive ringing. This occurs with values between 500pF 
and 5000pF. A lyF solid tantalum (or 25uF aluminum 

a electrolytic) on the. output. swamps this effect and insures 
stability. 


Unitrode integrated Circuits Corporation 


UC117HV 


Load Regulation 


The UC117HV is capable of providing extremely good load regulation . - 


but a few precautions are needed tq obtain maximum 
performance. The current-set resistor: connected between the 
adjustment terminal and the output terminal (usually 2409) 
should be tied directly to the output of the regulator rather than 
near the load. This eliminates line drops from appearing 
effectively in series with the reference and degrading regulation. 


With the TO-3 package, it is easy to minimize the resistance from 
the case to the set resistor by using 2 separate leads to the case.’ 
The ground of Re can be returned near the ground-ofthe load to 
provide remote ground sensing and improve load regulation. - 
Protection: : : 

When external capacitors are used with any IC regulator it is 
sometimes necessary to add protection diodes to prevent the 
capacitors from discharging through low current points into the 
regulator. Most 10uF capacitors have low enough internal series 
resistance to deliver 20A spikes when shorted. Although the surge 
is short there is enough energy to damage parts of the IC. 


When an output capacitor is connected to a regulator and the 
input’ is shorted, the output capacitor will discharge into the 
output of the regulator. The discharge current depends on the 
value of the capacitor, the output voltage of the regulator, and the 
rate of decrease of Vin. In the UC117HV this discharge path is 
through a large junction that is able to sustain 15A surge with no 
problem. This is not true of other types of positive regulators. For 


- output capacitors of 25uF or less, there is no need to use diodes. 


The bypass capacitor on the adjustment teeminal can discharge 
through a tow current junction. Discharge occurs when either-the 
input or output is shorted. Intemal to the UC1T7HV is a-502 resistor 
which limits the peak discharge current. No protection is needed 
for output voltages of 25V or less and 10yF capacitance. Figure 2 
shows a UC117HV with protection diodes included for use with 
outputs greater than 25V and high values of output capacitance. 


ft) + Relay 


ot . Noor = 1.260 (1+ 


0, protects against Cy 
Dz protects against C2 


Figure 2. Regulator with Protection Diodes 
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UC317HVH 


INTEGRATED 


CIRCUITS 
aun UNITRODE . yeas? 


1.5A, Three Terminal Adjustable. a 00337" 
Negative Voltage Regulators — | ake 


? 


FEATURES : DESCRIPTION 


© Output voltage adjustable from ~1.2 to .. The UC137/UC237/\JC337 are adjustable 3-terminal negative vaiaae regulators 

-37V . » Capable of supplying-in excess of -1.5A over an output voltage range of -1.2V to -37V. 
° Guaranteed |L,5A output current -. -These regulators are exceptionally easy to apply, requiring only 2 external resistors to 
® Line regulation typically 0.01%/V set the output voltage and 1 output capacitor for frequency compensation. The circuit 
© Load regulation typically 0.3% design has’ béen optimized for excellent regulation and low thermal transients. Further, 
e Excellent thermal regulation, 0:002%/W the UC137 series features internal current limiting, thermal shutdown and safe-area 
© 77 GB ripple rejection 3 compensation, making them virtually blowout-proof against overloads. 
e : : 
e Excelent rejection of thermal transient The. UC137/UC237/UC337 serve a wide variety of applications including local on-card 
© Temperature-independent current limit regulation, programmable-output voltageiregulation or precision current regulation. The 
© internal thermal overload protection UC137/UC237/UC337 are ideal complements to the UC117/UC217/UC317 adjustable © 
e Standard 3-lead transistor packages ~- positive regulators. These devices are available in TO-3, TO-220, TO-257, and isolated TO-257 


0-3, TO-220, TO-257, and isolated TO-257| packages. The UC137 js rated for operation from -55°C to +150°C, the UC237 from -25°C to 
m : eee ee on) +150°C and the UC337 from 0°C to +125°C. 


ABSOLUTE MAXIMUM RATINGS" 


Power Dissipation ...002.......cceecceeeene sees Pere’ Cada d eiesaatae Internally limited 
Input—Output Voltage Differential. 2.0.2.0... eee lect l eee de neces anh eeweee 40v 
Operating Junction Temperature Range ; : ; 

UC137 -55°C to +150°C 

UC237 Sue be -25°C.to +150°C 

UC337 fen Se toate Cn acieue dee tues eaacaatl :0°C to +125°C 
Storage Temperature -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) .............:ceceeeeeonececsceneeecs 300°C 

‘ Pin 1. Adjust” 
ae ise ad 2. Input 


‘Case: Output 


TYPICAL APPLICATION 


GIG (T0-257) ; 
j : Non-isolated ~ 
‘ : Pin 1. Adjust 
- [ 04] 2. Input 
3. Output 
4. Output 


\solated 
Pin 1. Adjust 
2. Input 
3. Output 
4. No Connection 


UC137/ 
UC337 


*C, = 1pF solid tantalum is required only if regulator is far from power-supply filter capacitor. 
+Optional—improves transient response 


tt -Vour = -1.26v (1 + 


a) 


Note: When ordering, add suffix “K” (for TO-3 package), “T” (for TO-220 package), “G” (for non-isolated TO-257) and “IG” {for isolated TO-257) 
to the Part Number. 
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UC137 UC237 UC337 
“ ELECTRICAL CHARACTERISTICS (Note 1) TA=Tu 


UC137/UC237 


PARAMETER TEST CONDITIONS 


Ta = 25°C, 3V =1Vin — Vour| = 40V 
(Note 2) 

Ta = 25°C, LOMA S lour S Imax 
{Vour| <5V, (Note 2, 3} 

|Vour| = 5V, (Note 2, 3) 


Ta = 25°C, 10ms Pulse 


Line Regulation 


Load Regulation 


Thermal Regulation 
Adjustment Pin Current 


Adjustment Pin Current 
Change 


10mA = I. = Imax 
2.5V <|Vin — Vourl < 40V, Ta = 25°C 
Ta = 25°C : 

3< [Vin _ Vout! = 40V 

1OMA & lour S Imax, P< Puax 


3V </Vin — Vour| = 40V, (Note 2) 
10mA < lour'S Imax, (Note 2, 3) 
|Vour| = 5V 

Tan S Tj SS Tmax 


Vin — Vour| = 40V 

|Vin --. Vourl = 10V 

\Vin — Vour| <= 15V 
K, G, IG Packages 
T Package 

|Vin — Vourl = 40V 
K, G, IG Packages 
T Package 


Ta = 25°C, 10Hz = f < 10kHz 


Vour = -1OV, f = 120Hz 
Caps = 10uF . 


Reference Voltage 


Line Regulation 


Load Regulation 


Temperature Stability 
Minimum Load Current 


Current Limit 


RMS Output Noise. : 
Ripple Rejection Ratio 


Long Term Stability Ta = 125°C, 1000 Hours 
Thermal Resistance, Junction K Package 
to Case : _T Package 
G Package . 
IG Package ~— 


Notes: 1. Unless otherwise noted, the above specifications apply over the following conditions: : 
UC137: -55°C < T, = 125°C 
UC237: -25°C <T,< 125°C 
UC337: 0°C = T, < 125°C 
|Vin — Vourl =5V, lo =0.5A, tax =1.5A 
2. All regulation specifications are measured at constant junction temperatures using low duty-cycle pulse’ testing. 
3. Measurement taken at 0.180 inches from case for G and IG Packages. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Curreht Limit 
3 i | T 
le { | 
Bs LL 
: =| 
& Tj =-55°C : 
3 oP |.— 
5 S “| 
Ee 
a1 iN ie 
| SS 
Se 
0 i hoe 
0 Nol {20| [30] 40] 
INPUT—OUTPUT DIFFERENTIAL (V) 
Temperature Stability - 
[1.270] 


|1.2604 


REFERENCE VOLTAGE (V) 
rd 
nD 
ao 
2S 


|1.240] 


-75 -50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 
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UC137 UC237 UC337 


INPUT-OUTPUT DIFFERENTIAL (¥) 


5I 
-75 ~60 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) : 


Minimum Operating Current 


QUIESCENT CURRENT (mA) 


~ 0 }10} : {20| 130] - (40. 
INPUT-OUTPUT. DIFFERENTIAL (V) 


(Ly one UC150 
aa UNITRODE | — D 7 3 nee 
3A, Three Terminal Adjustable : 
Positive Voltage Regulators. a 


FEATURES DESCRIPTION 


© Output voltage adjustable from 1.2Vto ‘The UC150/ UC250/UC350 are adjustable 3-terminal positive voltage regulators 
33V : capable of supplying in excess of 3A.over a 1.2¥ to.33V output range. They require only 


e Guaranteed 3A output current 2 external resistors to set the output voltage. Further; both line and load regulation are 
Line regulation typically 0.005%/V = comparable to discrete designs. : 

© Load regulation typically 0.1% 
e Guaranteed: thermal regulation 
@ Current fimit constant with 


In addition to higher performance than fixed regulators, the UC150 series offers full 
overload protection. Included on the chip are current limit, thermal overload protection 
and safe area protection. All overload protection circuitry remains fully functional even 


* peatldls i d transistor package if the adjustment terminal is accidentally disconnected. 

@ Availablé in TO-257 military package Since the regulator is “floating” and sees only the input-to-output differential voltage, 
‘ supplies of several hundréd volts can.be regulated as long as the maximum input to 
K(TO-3) | output differential is not exceeded. ’ 


Supplies requiring electronic shutdown.can be achieved by clamping the adjustment 
terminal to ground which programs the output to 1.2V where most loads draw little 
current. . 


The UC150/UC250/UC350 are packaged in standard 10-3 transistor package. Along with, 
the new TO-257 Hermetic (TO-220 style) package. The UC150 is tated for operation from 
-55°C to +150°C, the UC250 from -25°C to +150°C and the UC350 from 0°C to +125°C. 


Pin 1. Adjust : 
2. Input ABSOLUTE MAXIMUM RATINGS 
Case: Output Power Dissipation , Internally limited 


; Input—Output Voltage Differential. .........--seseeeeeernneeee erste eerste pipet 35V 

; . Operating Junction Temperature Range : é 
SO UC TBO 5 ocaceay sits cwalestiomnes¥oeus tisztenge wees hese -55°C to +150°C 
Non-isolated wetted -25°C to +150°C 
Pin 1. Adjust UC350 0... cc cece eee ee cence tener ener ereeeeeenenees sta heaia wien es 0°C to +125°C 
2. Input Storage Temperature.......0...se cece cere e ene e nee e tenet ena eeae ees -65°C to +150°C 
3. Output Lead Temperature (Soldering, 10 seconds) .......++.+seeeseeerereer eters sen eees 300°C 


4, Output 


Isolated 
Pin t. Adjust 


132 2. Input 
3. Output 
4. No Connection 


TYPICAL APPLICATIONS 


12V—25V Adjustable Regulator 


Slow Turn-On 
15V Regulator 


UC150 


*Needed if regulator is far from power 
supply filter capacitor 

tOptional—improves transient 
response 


tH Vour= 1.25v (1+ & 
: 


Note: Usually R, = 2400 for =e 
UC150 and UC250 and R, = 1209 for 6C350 is 


— 


Note: When ordering, add suffix “K” (for TO-3 package), “G" (for non-isolated TO-257), “IG” (for isolated TO-257) and “H” {for TO-5 package) to the part number. 
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ELECTRICAL CHARACTERISTICS (Note 1) Ta=Ty . : ac 


PARAMETER TEST CONDITIONS 
Line Regulation Ta = 25°C, 3V < (Vin — Vout) <= 35V, 
, {Note 2) 
Load Regulation Ta = 25°C, 10mA  lour S 3A 
Vour <5V, (Note 2) 
Vour 2 5V, (Note 2) 


-Thermat Regulation Pulse = 20 ms, Ta = 25°C - : 
Adjustment Pin Current 10mA << 3A : 
Change 3V < (Vin — Vout) S 35V * 


Reference Voltage 3 < (Vin — Vour) S 35V, 
10mA € lour = 3A, P = 30W 


Line Regulation. 3 = (in — Vour) = 35V, (Note 2) 


Load Regulation : Vour = 5V 10mA € lour = 3A, (Note 2) 
Vour = 5V 


Temperature Stability Tan ST) S Taax 


Minimum Load Current (Vin — Vout) = 35V 


Current Limit (Vin — Vour) S10V 
(Vin — Vout) = 30V 


RMS Output Noise 


Vour = 10V, f = 120Hz 
Caos = 10yuF 


Notes: 1. Uniess.otherwise noted, the above specifications apply over the following conditions: 
UC150: -55°C <= T, = 125°C F 
UC250: -25°C =T\ = 125°C 
UC350: 0°C <= T, <= 125°C 
(Vin — Vout) = 5V, tour =11.5A 
2. All regulation specifications are measured at constant junction temperatures using low duty-cycle pulse testing. 
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OUTPUT CURRENT (A) 


. ‘Current Limit 


NL tee | 
Hie | | 
UN 


RIPPLE REJECTION (48) © 


FREQUENCY (Hz) 
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INPUT-OUTPUT DIFFERENTIAL (V) 


UC150 UC250 UC350 


APPLICATION HINTS 

In operation, the UC150 develops a nominal 1.25V reference 
voltage, Vaer, between the output and adjustment terminal. The 
reference voltage is impressed across program resistor R, and, 
since the voltage is constant, a constant current |, then flows 
through the output set resistor R2, giving an output voltage of 


Vour = Vaer ( 1 +e) + lapsRe 


uCc150 


Figure 1 


Since the 504A current from the adjustment terminal represents 
an error term, the UC150 was designed to minimize laosand make 
it very constant with line and load changes. To do this, all 


quiescent operating current is returned to the output establishing _ 


a minimum load current requirement. If there is insufficient load 
on the output, the output will rise. 


External Capacitors 
An input bypass capacitor is recommended. A 0.1yF disc or 1uF 


solid tantalum on the input is suitable input bypassing for almost. - 


all applications. The device is more sensitive to the absence of 


input bypassing when adjustment or output capacitors are used | 


‘but the above values will eliminate the possibility of problems. 


The adjustment terminal can be bypassed to ground on the:: 


UC150 to improve ripple rejection. This bypass capacitor 
prevents ripple from being amplified as the output voltage is 
increased. With a 10uF bypass capacitor 86 dB ripple rejection is 
obtainable at any output level. 


In.general, the best type of capacitors to use are solid tantalum. 
Solid tantalum capacitors have’ low impedance even at high 
frequencies. Depending upon capacitor construction, it takes 
about 25yF in aluminum electrolytic to equal 1uF solid tantalum 
at high frequencies. 

Although the UC150 is stable with no output capacitors, like any 
feedback circuit, certain values of external capacitance can 
cause excessive ringing. This occurs with values between 500pF 
and 5000pF. A lwF solid tantalum (or 25uF aluminum 
electrolytic) on the output swamps this effect and insures 
stability. 


Unitrode Integrated Circuits Corporation 


UC150 UC250 UC350 


Load Regulation 

The UC150 is capable of providing extremely good toad regulation 
but a few precautions are needed to obtain maximum 
performance. The current set resistor connected between the 
adjustment terminal. and: the output terminal (usually 2400) 
should be tied directly to the output of the regulator rather than 
near the load. This. eliminates line drops from appearing 
effectively in series with the reference and degrading regulation. 


With the TO-3 package, it is easy to minimize the resistance from 
the case to the set resistor by using 2 separate leads to the case. 
The ground of R2 can be returned near the ground of the load to 
provide remote ground sensing and improve load regulation. 


Protection Diodes ‘ 
When external capacitors are used with any IC regulator it is 
sometimes necessary to add protection diodes to prevent the 


~ capacitors from discharging through low current points into the 


regulator. Most 10uF capacitors have low enough internal series 
resistance to deliver 20A spikes when shorted. Although the surge 
is short there is enough energy to damage parts of the IC. 


When an output capacitor is connected to a regulator and the 
input is shorted, the output capacitor will discharge into the 
output of the regulator. The discharged current depends on the 
value of the capacitor, the output voltage of the regulator, and the 
rate of decrease of Vin. In the UC150, this discharge path is 
through a large junction that is able to sustain 25A surge with no 
problem. This is not true of other types of positive regulators. For 
output capacitors of 25yF or less, there is no need to use diodes. 


The bypass capacitor on the adjustment terminal can discharge 
through a low current junction. Discharge occurs when either the 
input or output is shorted. Internal to the UC150 is a 50Q resistor 
which limits the peak discharge current. No protection is needed 
for output voltages of 25V or less and 10uF capacitance. Figure 2 
shows a UC150 with protection diodes included for use with 
outputs greater than 25V and high values of output capacitance. 


Dy protects against C, 
Oz protects against C2 


Voir = 1.25 (1 +R) + Ralaoy 
1 


Figure 2. Regulator with Protection Diodes 
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. (U) UNITRODE 
Micropower Quad Comparator 


FEATURES : 

® Programmable Output Drive Capability 
® Direct CMOS Logic Compatibility — 
® Low Power 

@ Direct Wire-OR of Outputs 

© Wide Input Common Mode Range 


‘DESCRIPTION 


UCi61A 
UC161B 
UC161C 


The UC161 family of quad comparators feature programmable DC and AC parameters. 
A single external resistor can set the comparators to operate in the microwatt region 
for battery applications, or higher current levels can be set to obtain improved speed 
or drive capabilities. The outputs on these devices can be wire OR’d together, 2 
simplifying external logic requirements in some applications. 

‘These devices are available in three temperature ranges, the UC161A is specified for 
the full military range, —55°C to + 125°C, the UC161B for the industrial range, — 25°C 


to +85°C,. and the UC161C for the commercial range of 0°C to +70°C. . 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (+V to —V) 
Differential Input Voltage ............ 


Input Voltage ...............005 fxacah a aaa 

Power Dissipation at Ta = 25°C .......000......0. 1000 mW 
Derate at 10 mW/°C above 25°C ; ‘ 

Power Dissipation at Tc = 28°C ......... 0. cece eee 2000 mW 
Derate at 16 mW/°C above 25°C 

Operating Junction Temperature .......... —55°C to + 150°C 

Storage Temperature ..............-..06 —65°C to + 150°C 

Lead Temperature (Soldering, 10 Sec.) ............. +300°C 


SIMPLIFIED SCHEMATIC (ONE COMPARATOR) 


CONNECTION DIAGRAM 


DIL-16 (TOP VIEW) 
NOR J PACKAGE 


22 Rset 
3° (EXTERNAL) 
i} 


UCI61A 
a UC161B | 
- en UCI61C 


ELECTRICAL CHARACTERISTICS Temperature range is —55° to + 125°C for the UC161A, 25°C to + 85°C for the UC161B, and: 
Q°C to + 70°C for the UC161C 


LOW POWER ELECTRICAL CHARACTERISTICS (Unless Otherwise ne Vs = aN, IseT2 = 10 pA, Reo = 10 MQ, CL = 10 pF, 
Ta = os acl 


Input Offset Covent 
input Bias Current 


DC Open Loop Voltage 
Gain 


Low Output Voltage’ 


= Is 


All. Inputs Grounded, Re = 0 


HIGH POWER. ELECTRICAL CHARACTERISTICS (Unless Otherwise Stated: Vg = +15V, IgeT? = 100 pA, RE = 2MN, 
C = 10 pF, Ta = 26°C) Ta=Ty 


PARAMETER SYMBOL TEST CONDITIONS [| uctetA UC161B/C 


Input Offset Voltage 
Input Offset Current ‘fics | 
Input Bias Current liar 


OC Open Loop Volta: 
cn 


_ fie 

iia 

Pe 

ae 

ew oapavage™ —[Vvo. ae 
nOwmevonas [Vox [R= aif nee 
an ia 

ae 


I 
BA =| 
eles lei 


Common Mode Range 


Power Supply Rejection 
Ratio . : 


N 
a 


+ 

e 

~ 

t 

a 
| 
= 
- 
a 

Lad 


Supply Current All Inputs Grounded, RL = 9 | 2100 | 


Notes: 1. The output current drive of the UC161 is non-symmetrical. This facilitates the wire-ORing of two comparator outputs. The output pull-down 
current capability is typically 75-150 times the pull-up current. 
2. Set current (Iggy) and supply current (Isyupp_y) can be determined by the following formulas: 
_ (+) — Vee) - (-V)} = 
IseT = Ree :CSSUPPLY = 21 X Iger- 
ISET 
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HIGH POWER ELECTRICAL CHARACTERISTICS (Continued) Ta=Ty 


is PARAMETER | srwoot TEST CONDITIONS 


input Offset Voltage Peers. Chl a =~. 4 
Input Bias Current eee ee 


UCIG1A 
UCi61B 
UC161C 


=' Over Temperature Range 


ea wee 
[we Lo Le er ae 


DC Open Loop Voltage: 
men 


[supp Guret | & | Alias Gourde == | | | «ooo | | | sooo | pa _ 


Notes: 1. Thé output current ative of the UC161 is non-symmetrical. This facilitates the wire-ORing of two comparator outputs. The output pull-down 
current capability is typically 75-160 times the pull-up currerit. 


2. Set current (lger) and supply current (lsyupp_y) can be determined by the following formulas: 


_+V) = Vee) - (-W 


leer Rset 


IsuppLy = 21 X Iser- 


APPLICATION AND OPERATION INFORMATION 


DESCRIPTION 


The UC161 is a monolithic quad micropower comparator with 
an external control for varying its AC and DC characteristics. 
The variation of a single programming resistor will simulta- 
neously alter parameters such as supply current, input bias 
current, slew rate, output drive capability, and gain. By making 
this resistor large, operation at very small supply current fev- 
els and power dissipations is possible. Thé UC161 is there- 
fore ideat for systerns requiring minimum power drain, such as 
battery-powered: instrumentation, aerospace systems, CMOS 
designs, and remote security systems. 


The circuit (see Simplified Schematic) is cotnposed of five 
major blocks—four comparators and a common bias network. 
Qj-Qg and D, form a darlington differential amplifier with 
double-to-single ended .conversion:.Qg is a dual current 
source whose outputs are exactly twice the current flowing 
through Qg. The collector current of Qg is a function of the 
current supplied externally to Qg—Q 9, which in turn is known 
as the set current or Isey. This set. current is-established by a 
resistor connected’ between the Iset terminal and a voltage 
source, most. commonly the positive supply. Qy, prevents ex- 
cessive current from flowing through Qg and Qio in the event 
the Iseq terminat is shorted to the positive supply; it has no 
effect on circuit operation under normal conditions. 


SETTING THE SET CURRENT 
The set current can be expressed as: 
(+) — @ Vee) — (-V)] 
; Rsetr 
where + V is the voltage to which the control resistor is con- 
nected, —V is the negative supply voltage, Vee is the base 
emitter drop of Qg or Qi9 (about 0.7V), and Rg_t is the value 
of the external control resistor or set resistor. Equation 1 is 
simply a derivative of ohms law. There is also an analytical 
relationship betwen Ige7 and the total supply current: 

IsuppLy = [Iset (current sourced by Qg to Qa) 
+ 2 Iset (current sourced to the differential 
amplifier by Qg) 
+2 Iser7 (current sourced to the comparator 
output. by Qg)] 
X 4 (the total numbers of comparators) 
+ Iser (current sourced through Q;4, Qyo, and 
Qg to -V)° 
[lser + 2 Iser + 2 Ise] X44 set 
21 Iser. 
The output current pulldown capability (lo,) of the UC161 is 
about 2 orders of magnitude greater than the high output 
drive current, (loH), which allows’ wire-ORing the outputs. Io 
is simply the current sourced by Q¢: 

lon = 2 X tse 
loi is found by multiplying the current sourced by the collec- 
tor of Qg by the gain Q7: 

lo. = B (Q7) x 2 Iser 
The beta of Q7 is about 75-150. 


IseT = 


i] 


UCI61A 


UC161B 
UC161C 
APPLICATION AND GPERATION INFORMATION (Continued) . bare, 
: Input Bias Current vs Supply Current 4 i -. Reger v8 Vsupepcy for Various Isuppiics 

< 
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Transfer Characteristic 


| 


TRANSITION | 


7 


Voyr(VOLTS) 
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A 
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|| 
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[Lj] Saece UC494A UC494AC 
SNOB UC495A UC495AC 


Advanced Regulating Pulse Width Modulators 


Mes 


FEATURES DESCRIPTION - 


woe 


@ Dual uncommitted 40V, 200mA output This entire series of PWM modulators each provide a complete pulse width modulation 
transistors system in a single monolithic integrated circuit. These devices include a 5V reference 
® 1% accurate 5V reference accurate to +1%, two independent amplifiers usable for both voltage and current 


sensing, an externally ‘synchronizabte oscillator with. its linear ramp generator, and two 
uncommitted transistor output switches. These two outputs may be operated either in 
parallet for single-ended operation or alternating for push-puil applications with an 


@ Dual error amplifiers. . 
© Wide range, variable deadtime 


® Single-ended or push-pull operation , externally controtled dead-band. These units are internally protected against double- 
© Under-voltage lockout with hysteresis pulsing of a single output or from extraneous output signals when the input supply 
Double pulse protection voltage is below minimum. 

Master or slave oscillator operation ‘The UC495A contains an on-chip 39V zener diode for high-voltage applications where Vcc 

© UC495A: Internal.39V zener diode would be greater than 40V, and a buffered output steering control that overrides the internal 


control of the pulse steering flip-flop. 

The UC494A is packaged in a 16-pin DIP, while the UC495A is packaged in‘an 18-pin DIP. 
The UC494A, UC495A are specified for operation over the full military temperature range of 
-55°C to +125°C, while the UC494AC, UC495AC are designed for industrial Spee, tom 


@ UC495A: Buffered steering control 


0°C to +70°C, : 

ABSOLUTE MAXIMUM RATINGS (Note 1) RECOMMENDED OPERATING CONDITIONS... . 
Supply Voltage, Vcc (Note 2) 2.0... .. cece eee eee eee e eee eee 45V Supply Voltage Voc 0.0... 2. eee c cece eect eee ecneee _... 7V to 40V 
Amplifier input Voltages ............. 20... cece eee Voc + 0.3V Error Amplifier Input Voltages ........... eevee s -0.3V to Veo-2V 
Collector Output Voltage ........... 0... cece cece cece eee eens 41V Collector Output Voltage ........ 0.0... cece cece e eee eden  40V 
Collector Output Current 2.0... 0. cece cee cece ee 250mA Collector. Output Current (each transistor).............66 200mA 
Continuous Total Dissipation... 0.0.0.0... 20. c ee eee ee 1000mW Current into Feedback Terminal ................ ee eeeae +. O.3MA 

_@ (or: below) 25°C free air temperature range (Note 3) Timing Capacitor, Cr.............. eee eeaeee 0.47nF to 10,000nF 
Storage Temperature Range.................00% -65° to +150°C _ Timing Resistor, Rr .... 1.8K to 500KQO . 
Lead Temperature %4_” (1:6mm) from case for 60 seconds, - ~ Oscillator Frequency 1kHz to 300kHz 

J Package...... ccc ce cece ene e neces eee eceteeeneeeees 300°C Operating Free Air Temperature : 

Lead Temperature %4_" (1.6mm) from case for 10 seconds, -  ; UC494A, UC495A ........ Was mee eee. ~55°C to +125°C 


N Package .......... csc e cece eee ne cn ceescecievenceeees 260°C ’ UC494AC, UC495AC....... pec ceneeeee +o OPC to +70°C 


Notes: 1. Over operating free air temperature range untess otherwise noted. 
2. All voltage values are with respect to network ground terminal. . -- 
3. For J package, derate at 8.2mW/°C for ambient temperature 
~ above +28°C. For N package, derate at 9.2mW/°C for ambient 
_, temperature above +41°C. : 


BLOCK DIAGRAM 


(UC495A) 


, ila 7 
' STEERING OUTPUT CONTRO! 
| CONTROL . (SEE FUNCTION TABLE) 


Singlé-Ended or 
Parailel Operation 
Push-Pull Alternating 
Outputs - 


at Veer) 


7 “Vs < 0.4 PWM Output at Q, 
Ve >2.4V PWM Output at Q2 


UC494A UC494AC 
UCA95A UC495AC 


CONNECTION DIAGRAMS 


DIL-16 (Top View) UC494A/UC494AC 
Jor N Package 


DIL-18 (Top View) 
Jor N Package 


ERROR 
AM 


pa 


{16} NON-INV INPUT 
f15] INV INPUT 


NON:INV INPUT [1] 
INV INPUT [2] 


f13) OUTPUT CONTROL 


pea GROUND E. 


ELECTRICAL CHARACTERISTICS (Uniess otherwise stated, over recommended operating free-air temperature. 
: range, Voc = 15V, f = 10kHz.) Ta=Ty 


| __—_—PARAMETER =| =SSCSTESTCONDITIONS = 

[output Voltage ner) =i os AmA Tanase —SSSC«dC«CSH COTO CS 

Voc = 7V to 40V i 
Output Regulation * fo=1mAtol0mA oe 2 

A Ta= Min. to Max y490_| 
Vaer=0,TA=25°C 

"| Oscillator Section 

Frequency (Note 2) Cr = 0.01pF, Rr = 12kQ 


Standard Deviation of Frequency “| All values of Vee, Cr, Rr, 
(Note 3) Taconstant . : : 


re 
ca) 
<i< 


or 
im 
° 
< 


Frequency Change with Voltage Voc = 7V to 40V, Ta = 25°C 


, Cr =0.01yF, Rr = 12kQ 
Frequency Change with Temperature A Ta = Min. to Max. 


Deadtime Control Section (Output Control connected to Vrer) : 


Open Loop 5 
Voltage Gain A Vo = 3V, Vo = 0.5V to 3.5V 
Unity Gain Bandwidth 


Common-Mode 
Rejection Ratio 
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UC494A UC494AC 
UC495A UC495AC 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, over recommended operating free-air temperature 
range, Vcc = 15V, f = 1OkHz.) 


"TEST CONDITIONS 


Voc = Vc = 40V, Ve = 0 . 


Output Control Input Current Vi = Vrer 


PWM Comparator Section 


Vipin. 13) = 0.4V, Qi active 
Y Vipin 13) = 2.4V, Qo active 


Pin 6 at Vrer. All other 
inputs and outputs:open. 


Switching Characteristics (Ta = 25°C) _ - 


Output Voltage Rise Time Common-Emitter Configuration 


Ru = 689, Ce= 15pF 


Notes: 1. Duration of the short circuit should not exceed: one second. 
2. Frequency fer other values of Cy and Rs is approximately f = 


: F RrCr 
3. Standard deviation is a measure of the statistical.distribution about the mean as derived from the formula 


UC494A UC494AC 
UC495A UC495AC 


Figure 1. Slaving Two or More Control Circuits : Figure 2. Output Circuit of Error Amplifiers 


Veer Voc 


To Remainder To Remainder 
Error 


OF of Error 
Rr Amplifier Amplifier 
Circuit Circuit 


. To Compensation/PWM 
© Comparator Input 
(Pin 3) 


Slave 5 
(Additional 
Circuits) 


Figure 3. Output Connections for Single-Ended and Push-Pull Configurations 
Cy 


Tie to Vrer 
Qe or a Voltage 
as Low as 2.4V 


° ( 1 to 250mA 
1) 


Qutput 
Control 
1 to 500mA Output . 
Tie "To : a Corttrol Ce : . 
D or j 
a Voltege . 1 to 250mA 
O.4V ‘ Qe Ee * : 


Single-Ended Configuration Push-Pull Configuration 


Figure 4. Internal Buffer with Deadband for _ Operation with Vin > 40V. ° 
Steering Control on UC495A Figure ea liv } 


Using Internal Zener’ (UeNesA): 


Vin > 40V. 


STEERING 
CONTROL 


Figure 6. Error Amplifier Sensing Techniques 


Vo To-Output Vener 
Voltage of 
System ei 


Re 


"NEGATIVE OUTPUT VOLTAGE R; 


a R To Output 
Vew'eVig, Br Vo To Outpi 
POSITIVE OUTPUT VOLTAGE poe Re “ San 
Vo = Veer (1 +B) : 
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aacurs UC1033 
am UNITRODE ve 
Three Terminal Adjustable Negative 2 ae 
Voltage Regulators ye . 
Ba i PRELIMINARY 


FEATURES 


«. Output voltage adjusable from -1.2 to 
-32V -3.0A : . 


+ .Guaranteed output current 

+ Line regulation typically 0.01%/V 

* Load regulation typically 0.4% 

* Excellent thermal regulation, 0.002%/W 
* 77 GB ripple rejection 

+ Excellent rejection of thermal transients 
* Temperature-independent current limit 
Internal thermal overload protection 


Standard 3-lead transistor packages 
* (TO-3, TO-257, TO-220)- 


ABSOLUTE MAXIMUM. RATINGS 
Power Dissipation 


Sage 


DESCRIPTION 7 


The UC1033/UC2033/UC3033 are adjustable $-terminal negative voltage regulators 
capable of supplying in excess of 3.0A over an output voltage range of -1.2V to -32V. These 
regulators are exceptionally easy to apply, requiring orily 2 externalresistors tésetthe output 
voltage and 1 output capacitor for frequency compensation. The circuit design has been 
optimized for excellent regulation and low thermal transients. Further, the’ 


" UC1033/UC2033/UC3033 series features internal current limiting, thermal shutdown and 


safe-area compensation, making them virtually blowout-proof against overloads. 


The UC1033/UC2033/UC3033 serve a wide variety of applications including local on-carat: 
regulation, programmable-output or precision current regulation. The 
UC1033/UC2033/UC3033 are ideal complements to the UC150/UC250/UC350 adjustable 
positive regulators. These devices are available in TO-3 and TO-220 packages. The 
UC1033 is rated for operation from -55° to +150°C, the UC2033 from -25°C to +150°C and 
the UC3033 from 0°C to +125°C. Available in Hermetic TO-257 Package. 


Input-Output Voltage Differential... 2... 6 ee eee 35V 
Operating Junction Temperature Range 
UCI0B3 ee ee -55°C to +150°C 
WO208S sk iel tee Wh od eR a ele a -25°C to +150°C : 
 WC8089S es wits Goes ota eet O°C to +125°C ~ - in 
Storage Temperature 2. ee . -65°C to +150°C . 
Lead Temperature (Soldering, 10 seconds)... =. ..... 300°C ' 


TYPICAL APPLICATION 


UC1033 


*Ci= 1uf solid tantalum-is required only if regulator is far from power-supply filter capacitor. - 
+ Optional —improves transient response : a 


tt -Vour = 1.25V(1 + 


Re 
120Q° | 


) 


UC1033 


~  . y. -UC2033 
: UC3033 
ELECTRICAL CHARACTERISTICS (Note 1) Ta = 7; _ 
eae Uc1033/UC2033 Uc3033 ° 
PARAMETER TEST CONDITIONS MIN >| TYP. | MAX | MIN | TYP | MAX | UNITS 
; > | Miw-Vourt=5V, lour=5mA 7 ff cane 
Auleronce vonage. Hueee | 8-298 | -1.250°] -1.262 | -1.298 | -1.250 | -1.262 | Vv 
° 3Vs|Vin-Vourls35V Tye 
7 Bacillus PEPE "4.216 | -1.250 | -1.265 | -1.200 | -1.250 | -1.300] Vv 
- 10mAsloutslwax, (See Note 2)", i> lee ae 
- --|Tx25°C\VoutlssV 50 10 
LoadRegulation <- |Tj=25°C,Vourle5V._ lis 0.2 
= Ti=25°C,|VoutesV 75 20 
T)=25°C,|Voute5V 1.5 .: | 04. 
Line Regulation 3Vs|Vin-VouT|s35V, (See Note2) 0.015 6:01 
T,=25°C 0.04 | . | 02. 
{8 “10V,f = 120Hz 4, 
* = | Ripple Rejection Caps = 0 J) =25°C aoe 
Cany = 10nF Tj = 25°C 66 77 
Thermal Regulation Tj = 25°C, 10msec Pulse . » 0.02 0.002 
Adjust Pin Current 100 65 ~ 
Adjust Pin Current Change | 10MA < lout < Imax 2 0.6 
[8V s[Vin - Vourls38V 5 2 
Minimum Load Current Min = Vour|s35V T= 25°C. 5.0 2.5 
[Min = Vous 10V.. T)=25°C a0 |. 12 
[ Vin-Vouls OV, (See Note 2) 6 3 43 
Current Limit Bie IMin-Vour = 3sV 
T= 25°C : 25 | § | 13 
Temperature Stability of | Twin<T<Tmax 16: | .° 0.6 
Output Voltage ae wae 
‘Long Term Stability - | Ta=125°C, 1000 Hours 1.0 0.3 
RMS Output Noise | Ta=25°C, 10Hz<fe10kHz 0.003 
; (% of Vout) ; 
[Thermal Resistance T Package : : i 4 
[Junction to Case “4K Package ~~ 4 4.2 2.0 a 1:2 


Note 1: Unless otherwise noted, the above. specifications apply over the following conditions: 
: UC1033:-55°C <T}<150°C i 
UC2033: -25°C sTj <150°C 
‘UC3033: 0°CsT)<125°C 
* {Vin-VouT|=5V, lo=0.5A Imax=-3.0A 


Note 2: All regulation speculations are measured at constant junction temperatures using low duty-cycle puise testing, and measured on 
the output pin at a point no greater than 1/8" below the-base of the package. 
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~ UC1033 
UC2033 
UC3033 


K(TO-3) G, IG (TO-257) 


Non-isolated 

Pin 1. Adjust 

[04] 2. Input 
3. Output ae 
4. Output 


Isolated 
Pin 1. Adjust _ 
132 2. input 
3. Output 
4. No Connection 


- Pin 1. Adjust 
2. Input 
Case: Output 
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7 Continental Boulevard, « P.O. Box 399 * Merrimack, New Hampshire * 03054-0389 
Telephone 603-424-2410 « FAX 603-424-3460 


‘ INTEGRATED 
- CIRCUITS 


eas UNITRODE 


UC1054M 
UC1054C 


Switched Capacitor Voltage Converter With Regulator 


FEATURES 

100mA Output current 

3.5V to 15V Operation As A Converter 
Low Voltage Loss 

Low 2.5mA Quiescent Current 


Reference and Error Amplifier for 
Regulation 


Internal Oscillator with External Sync. 
External Shutdown — 


Low 100uA Quiescent Current in 
Shutdown 


Can be Paralleled for Higher Output 
Current 

APPLICATIONS 

* Voltage Inverter 

+ Voltage Regulator 

* Negative Voltage Doubler 

* Positive Voltage Doubler 


ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Note 1) 
Input Voltage (Pin 1) 
Input Voltage (Pin 7) 

. Operating Temperature Range 
UC1054C 
UC1054M 
Junction Temperature (Note 2) 
UC1054C 
UC1054M 


Storage TemperatureRange......... 


Lead Temperature (Soldering, 10 seconds) 


CONNECTION DIAGRAM 


DIL-8 (Top View) 
J or N Package 


Ban G ot -55°C to 125°C 


Sats Ae gleided _. 300°C 


Note: 1. The absolute maximum supply voltage-rating of 16V is for 
voltage converter circuits. This voltage supply rating may be 
increased to 20V for regulator circuits with |Vout[<15V. 


Note: 2. The devices are guaranteed by design to be functional up to the 
absolute maximum junction temperature. 


PRELIMINARY 


DESCRIPTION : 
The.UC1054 is a monolithic integrated circuit usable for voltage converting and regulating. 
As a voltage converter, this device provides efficient power conversion, over a wide range 
of output currents, using a switched capacitor network. The typical voltage loss is 1.1V at 
100mA output current over the full operating supply range. 


The UC1054 can be configured as a voltage reguiater with good line and load regulation by 


' adding an external voitage divider between the output and-teference pins. A 2.5V reference 


pin is provided for use in regulation. 


The UC1054 features an internal oscillator with a nominal frequency of 25kHz. The oscillator 
frequency can be adjusted or synchronized externally by using the oscillator pin. The device 
also includes a shutdown feature; in shutdown mode, supply current is dropped to 
approximately 100uUA. : 


The UC1054M and UC1054C directly replace the LT1054M andLT1 054C respectively, and 
are pin compatible with the LT1044 and ICL7660 voltage converters. The UC1054M is 
available in a ceramic 8-pin dual in-line package, while the UC1054C is available in plastic 
and ceramic 8-pin dual in-line packages. 


BLOCK DIAGRAM 


0°C to 70°C 


150°C 


® EXTERNAL CAPACITORS 
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UC1054M 


UC1054C 
ELECTRICAL ‘ (Uniess otherwise stated, these specifications apply for Ta=0°C to 70°C and T; <100°C forthe UC1054C . 
CHARACTERISTICS and Ta=-55°C to 125°C for the UC1054M; 3.5VsVins15V) T, = T; 
[ PARAMETER — TEST CONDITIONS - MIN TYP MAX | UNITS 
fload=0 
Supply Current vine3.8V 2.5 3.5 mA 
SgeIPY. 30 | 45 | ma 
Supply Voltage Range : 3.5 16 Vv 
[ Cin=Gout=100UF — 
Voltage Loss : (Note 3) 
(Vin-|Vout)) lout=10mA 0.35 | 055 Vv 
lout=100mA 1.10 1.60 V 
‘output Resistance * Alout=10mA to 100mA 
(Note 4) 10 15 ohm 
Oscillator Frequency 15 25 35 kHz 
a) {ref=60UA ‘ : 
Reference Voltage Ti-28°C 235 | 250 | 265 Vv 
; 2.25 2.75 v 
[ | : Vin=7V, Tj=25°C ; ! 
Regulated Voltage — pinedasnon a ee ae ee 
wi) [ao [00 [sm |v 
7V¥sVins12V 
Line Regulation Rload=5002 
(Note 5) 5 25 mV 
Vin=7V 
Load Regulation . To0RsRioad«S002 
(nore.8) 10 50 mv 
Maximum Switch Current ; 300 mA 
Supply Current in Shutdown | V (pin 1)=0 , 100 150 uA 


Note 3. A basic voltage inverter configuration (with Pins 1, 6, and 7 unconnected) is used in voltage loss tests, losses may be higher in other 
configurations. Cin and Cout are tantalum capacitors. 


Note 4. Output resistance is defined as the slope in the linear region 10mAslouts100mA of the Vout-lout characteristic curve. For lout<10mA, 
the incremental output resistance is higher due to the characteristics of the switch transistors. : 


Note 5: A positive to negative converter/regulator (see Fig. 1) with R1=20k, R2=102.5k, C1=0.002uF, Cin=10uF tantalum, and Cout=100uF 
tantalum is used for all regulation tests. 
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Shutdown Threshold 


SHUTDOWN THRESHOLD (v) 


50 +25 


Typical Performance.Characteristics 


Supply Current 


SUPPLY CURRENT (mA) 


25 50 


TEMPERATURE(*C) 


Supply Current in Shutdown 


10 


{INPUT VOLTAGE (V) 


Average Input Current 


UC1054M 
UC1054C 


Oscillator Frequency 


75 60-26 C) 25 50 75 100 125 
TEMPERATURE(*C) 


Output Voltage Loss 


VOLTAGE LOSS(V) 


120 
: | | 14 7 
<i a 
3 Vipin1) =0V < { [ttt our =100ma 
5 80 r < pa 1.0 i ! 
@ Ce Te sled 
& : g z 08 - 
ee Q é 1 1 
. ey : eq A ie alee 
fi Fl oe 
ic g < - | | ee 
2 | | % 3 ‘ QuT =10ma 
‘i 
3% i To ae ee 
| < 02 Cour =100uF TANTALUM 
0 | | | t Osc a25kez 
° i} i} t t i) 
S hi " o 10 20 30 40 50 60 70 80 9 100 
INPUT VOLTAGE (V) OUTPUT CURRENT(mA) C+in(uF) 
Output Voltage Loss Output Voltage Loss Voltage Loss 
INVERTER CONFIGURATION | ERTER CONFIGURATION | | | ma . To 
Cin =10UF TANTALUM | | | ll INVERTER CONFIGURATI 3.5V<VIN<15V 
S| Sor Sess ee 2k eS Gy =100UF TANTALUM | TT] On =C our ete 
Cri 24) Cout=t00uF TANT: 
eotrrom tt TTT 
z 5 
3 3 
10 3 3 
ul w 
an | i] “I Z 
Pe 3 
| Hl | Cour =t00uF | | piituae Tt 
a 
1 10. 100 
OSCILLATOR FREQUENCY (kHz) oL_! II HII tour soma | | HT 
oO 10 20 wn 4 50 60 70 «80 80 =100 


1 


OSCILLATOR FREQUENCY (kHz) 
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OUTPUT CURRENT (mA) 


Regulated Output Voltage 


| 


rd 
ae 
Fee WA Va 
pend ae a Dr 
Oo St 
é 16 | ] ! ! | 
g 148 | | im | | 
Ew Tol SSS 
3 vee | a a a 
oer (ont bd 
60 25 ° 25 50 ri} 100 =. 925 
TEMPERATURE(*C) 
PIN FUNCTIONS 


Pin 1: 


Pin 2: 


Feedback/shutdown pin. Pin 1 can be used as the feedback 
terminal of the regulation loop because it is connected to the 
inverting input of the internal error amplifier. The UC1054 can 
be put into shutdown mode. by pulling Pin 1 below the 
shutdown threshold voltage (~ 0.45V). In shutdown, the 
switches are set such that input capacitor (Cin) and output 
capacitor (Cout) are discharged through the output load. Any 
open-collector gate can be used, as shown in Figure 1, to 
shutdown the device. The UC 1054 will start back up as soon 
as the. external gate turned off in the unregulated operation. 
When: used as a voltage regulator circuit, the external 
resistive divider can provide enough pull-down to keep the 
device shutdown until the output capacitor has fully 
discharged. A restart signal (either a positive-pulse with 
tp>100uS or a logic high) must be fad to Pin 1, as shown’ in 
Figure 4, if the device has-to start-up»before the output 
capacitor has fully discharged. A coupling diode between the 
restart signal and Pin 1 will allow the output voltage to come 
up and regulate without overshsoot. R3/Ré4 in Figure 1 should 
be chosen such that a signal level of 0.7V to 1.1V is provided 
to Pin 1. 

CAP" pin. Pin 2 is connected externally to the positive side of 
the input capacitor (Cin). When used as a voltage converter 


RESTART SHUTDOWN 


100yF 
+ TANTALUM 


For example: To get Voyr=-5V referred | 


\Vourl to the ground pin of the UC1054 
Vrer 

2 —40mV SV, <4 
where R1=20k 
Vaer=2.5V NOMINAL 


R2=R1 


+1 


= 102.6k= 


*Choose the closest 1% value 


FIGURE 1 
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REFERENCE VOLTAGE CHANGE(MV) 


Seek Be BERS 


UC1054M 
UC1054C 


Reference Voltage Temperature Coefficient 


«. VREF@0=2.500V, 
nee eae 
aes 
| ; 


- & 50 
TEMPERATURE(*C) 


(regulator) ‘Pin 2 is alternately driven between Vin and ground 
({Vout| and ground). Pin 2 sources current frorh Vin when 
driven to Vin and sinks current to ground when driven to 
ground. ; fe 


Pin 3: Ground pin. 


Pin 4: CAP™ pin. Pin 4 is connected externally to the negative. side. 


of the input capacitor (Cin) and is alternately driven between 
ground and Vout. Pin 4 sinks current to ground when driven 
to ground and sources current from Vout when driven to Vout. 


Pin 5: Output pin: Pin 5 is not only served as an output pin but is also 


tied to the substrate of the device. This pin must not be pulled 
pasttive with respect to any other pin. To prevent Pin 5 from 
being pulled above ground during start-up, a small general 
purpose transistor (such as 2N2222 or 2N2219) must be used 
externally as. shown in Figure 2 if the output load is connected 
from Vin or some other external positive supply to Vout. In 
Figure 2, Rx is chosen so that enough base drive current can 
be provided to keep the external transistor saturated under 
nominal output voltage and maximum output current 
conditions. 


Pin 6: Reference output pin. A 2.5V reference voltage is provided at 


a (Vouris 


FIGURE 2 


Pin6. The reference output voltage has positive temperature 
coefficient (TC) so that the regulated output voltage can have 
a slight positive TC at output voltage below 5V and a slight 
negative TC at output voltage above SV. Reference output 
current should be limited to approximately 60uA for regulator 
feedback network. When shorted to ground, Pin 6 will source 
approximately 100uA without: affecting internal 
reference/regulator so that this pin can also be used as.a 
pull-up when the device is synchronized to external system. 
clock. : 


Pin 7:Oscillator pin. Pin 7 is internally connected to an on-chip 
Capacitor (~150pF) which is alternately charged and 
discharged by current sources in the oscillator. With no 
-adjustment, the internal oscillator runs at 25kHz- with 
approximately 50% duty cycle. The device has the lowest 


switching losses at this frequency. As shown in Figure 3,.the © 


frequency can be lowered by adding an external capacitor 
(C1) from Pin 7 to ground. Similarly, the frequency can be 
raised by adding an external capacitor, C2 (5pF to. 20pF 
range), from Pin 2 to Pin 7. By adding an external pull-up 
resistor between Pin 6 and.Pin 7 and an open-collector gate 
or an NPN transistor as shown in Figure 3, the device can be 
synchronized to an external system clock. A:pull-up resistor 
of 20k is recommended for use in synchronization. 


Pin8: Input supply voltage (Vin) pin. Input capacitor (Cin) is charged 
to Vin when Cin is switched in parallel with Vin, and the peak 


TYPICAL APPLICATIONS 


Basic Voltage Inverter 


1 


UC1054 


2 
3 
4 


4 
_ 100UF -— 


oe ere 


V, 
IN —? bur 
faa 
+ 100uF 
=> VIN 
Vin=-3.5V TO -15V 


Vout = 2Vin + (UC1054 VOLTAGE LOSS) + Qy (SATURATION VOLTAGE) 


* See Figure 2 


UC1054M 
UC1054C 


supply current during this time is approximately equal to 2.2 
times the output current. The charge in Cin is then transfered 
to the output capacitor (Cout) when Cin is switched in parallel 
with Cout, and the supply current drops to approximately 0.2 
times the outputcurrent. An input supply bypass capacitor with 
low ESR and a minimum of 2uF is recommended in the use 
of the UC1054. This bypass capacitor will supply part of the 
peak input current drawn by the device, and average out the 
current drawn from input supply. A larger capacitor may be 
desirable when long leads are used to connect Pin 8 from the 
-input supply, or when the current pulses drawn by the device 
might affect other circuits through supply coupling, etc. 


REGULATION 


The basic voltage regulator and the formula to calculate the external 
resistor values are shownin Figure 1. A 20k resistor is recommended 
for R1 for all regulated output voltages. Good load regulation can be 
obtained by adding a feed-forward capacitor (C1) of 0.002uF in 
parallel with R2. Frequency compensation can be accomplished by 
adjusting the ratio. of Cin/Cout . A ratio of 1/10 for Cin/Cout is 
recommended. Maximum regulated output voltage, Vout, is limited 
by input supply: voltage. and voltage loss in the switches. 


EXTERNAL CAPACITORS 


Low ESR capacitors such as solid tantalum are recommended for 
Cin and Cout. The veitage joss can be affected more bythe effect 
of the ESR in Cin than Cout due to the fact that switch Currents are 
approximately two times higher. than the output current. Load 
regulation will be degraded if high ESR capacitors are used for Cout. 


Basic Voltage Inverter/Regulator 


7 Vou 

oun, 42044! ‘oun, 

oo Vaer \12aty} 
3 ~40mv 


Positive Doubler 


VIN 
3.5V TO 15V 
1N4001 1N4001 


+ KJ 
+{ 100F 4] 10uF 
Vout : 


ry eg] 


oak 


UC1054 


ep 


Vins3.5V TO 15V 


Vout = 2Vin-(ViL+2Vpione) 
V.=UC1054 VOLTAGE LOSS 
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UC1054M 
UC1054C 


Vin 
3.5V TO 15V 
1N4001 1N4001 


+ KI —K] 
Vout +] 100uF 4]. 10uF 
‘ ; 


+Vout=2Vin-(VL+2Vpi00€) 
Vout=-2Vint (Vi+2Vpio0e)~ 
V,2UC1054 VOLTAGE LOSS 


Vin=3.5V TO 15V 


OUT 


+5V +12V Converter 


¥ : 1N914 

OUT=+12V 
| QUT=25mA < | <I 
; 


+] 100uF 10uF 


TO PIN 4 
UC1054 #1 


UC1054 


Vout=-42v 
' ouT=25mA 


Negative Doubler with Regulator ~ 


_h 


VIN | 
3.5V TO 15V 


Vin=3.8V TO 15V 
VouTMAX = -2Vin+(Vi-2Voi00e) 
V,sUC1054 VOLTAGE LOSS 
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UC1054M 
UC1054C 


100mA Regulating Negative Doubler 


Pa et 
VIN 
3.5V TO 15V 


Vin=3.5 TO 15V 
VourMAX=-2Viy+{UC1054 VOLTAGE LOSS +2(Vpione)] 


PIN2 
UC1054#1 


1N4002 


1N4002 


¥ vig | our =100mA MAX. 


HP5082-2810 


Unitrode Integrated Circuits Corporation oa : 
2 Continental Boulevard. « P.O. Box399 « Merrimack, New Hampshire ¢ 03054-0399 


“Felephone 603-424-2410 « FAX 603-424-3460 


n 


é 
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[LI] Secor ™ UC1524 


ze eee UC2524 


Regulating Pulse. Width Modulators 


FEATURES DESCRIPTION 


® Complete PWM Power control circuitry The UC1524, UC2524 and UC3524 incorporate on a single monolithic chip all the 

¢ Uncommitted outputs for single-ended functions required for the construction of regulating power supplies inverters or 
or push-pull applications switching regulators. They can also be used as the contro! element for high-power- 

¢ Low standby current ... 8mA typical output applications. The UC1524 family was designed for switching regulators of eithér 

© Interchangeable with SG1524, SG2524 polarity, transformer-coupled.dc-to-de converters, transformerless voltage doublers and — 
and SG3524, respectively polarity converter applications employing fixed-frequency, pulse-width modulation : : 


techniques. The dual alternating outputs allow either single-ended or push-pull 
applications. Each device includes an on-chip reference, error amplifier, programmable 
oscillator, pulse-steering flip-flop, two uncommitted output transistors, a high-gain 
comparator, and current-limiting and shut-down circuitry. The UC1524 is characterized 
for operation over the full military temperature range of -55°C to +125°C. The UC2524 
and UC3524 are designed for operation from -—25°C to +85°C and 0°C to +70°C, 
respectively. . : 


16-PIN N PLASTIC 


16-PIN J CERAMIC 


BLOCK DIAGRAM 


+5V to all 


internal circuitry E,  $/D COMP 


REFERENCE 
REGULATOR 


GROUND @) 6 
(Substrate) @ Y 
~ 00 


INV_ NON. OSC 
INPUT INV OUT 
INPUT 


UT 
WN 
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2% 


» UC1524.UC2524 UC3524 


ELECT RICAL CHARACTERISTICS (Uniess otherwise stated, these specifications apply for Ta ='-55°C to +125°C for the UC1524, . 
-25°C to +85°C for the UC2524, and 0°C:to +70°C for the UC35247 Vin = 20V, and f = 20kHz) Ta=Ty 


panaeren jes Geabacies ee | 
[ min. | ve. | max. | min. | tye. | MAX. | 


Reference Section ; : ; 


[output otage 
(= 120, = 250 


125°C, t = 1000 Hrs. 


| 50 | 


Oscillator Section 


Cr= 001mfd, Rr = 2k0 
Initial Accuracy Ry and Cy Constant 
Voltage Stability . Vin = 8 to 40V, T; = 25°C 


els) eles 


Temperature Stability Over Operating Temperature Range 
Output Amplitude Pin 3, T, =25°C A 
Cr= Olmfd, T; = 25°C 
Error Amplifier Section : 


O}w 
alan 
ine 
3 


Input Offset Voltage i | Vem = 2.5V 
input Bias Current Vom = 2.5V 


} Common Mode Voltage ea i? 
Common Mode Rejection Ratio| T= 25°C 
Small Signal Bandwidth 


Output Voltage 
Comparator Section 
Duty-Cycle % Each Output On 


Input Threshold Zero Duty-Cycle EB 1 a3 Via}, 
!nput Threshold Maximum ‘Duty-Cycle ; —et— Ee es ee 
1 -—t 


rin 
@;N 
~g| 
a 
slo] 
ny 
e 
°o 


w 
> 


70 | 
ee 


Ay = 0dB, T, = 25°C 


Input Bias Current 


Current Limiting Section 


Sense Voltage Pin 9 = 2V with Error Amplifier . is ; i 
e Set for Maximum Out, T; = 25°C 190 | 200 | 210 180 ; 200 | 220 mV 


<i] +1 V 


Sense Voltage T.C. 
Common Mode Voltage 
Output Section (Each Output) 


| Collector Leakage Current [Ves=4ov. | Sf ot | 80 | ‘| oa 

| Saturation Vottage | pe Soma | ST 2 | 

| Emitter Output Voltage “" | Vw=2ov sa | a | 

Re = 2K ohm, T, = 25°C | fo | 

Re = 2K ohm, T) = 25°C | fon | 
| [| 


Total Standby Current Vin = 40V 


(Excluding oscillator charging current, error and current limit 
dividers, and with outputs open) 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltagé, Voc (Notes 2 and 3) ......-..+-- eee eee 40, 
Collector Output Current ..............000 eee sore rOOmA™ 
Reference Output Current......5...-.-..ee eee eas Seats 50mA 
Current Through Cr Terminal...........--- CEM depen aa -5mA 
Power Dissipation at Ta = +25°C (Note 4)........... .- L000mWw 
Thermal Resistance, Junction to Ambient :...........:100°C/W 
Power Dissipation at T. = +25°C (Note 5) ...........65 2000mWw 
Thermat Resistarice, Junction to Case......... Ror 60°C/W 
Operating Junction Temperature Range....... -55°C to +150°C 
Storage Temperature Range...........-.++ 1+. 765°C to +150°C 


Notes: 1. Over operating free-air temperature ‘range unless otherwise 

noted. 

2. All voltage values are with respect tothe ground terminal, pin 8 

3. The reference tegulator may be bypassed for operation from a 
fixed 5V supply by connecting the Vcc and reference output 
pins both to the supply voltage. In this configuration the 
maximum supply voltage is 6V. read 

. Derate at 10mW/°C for ambient temperatures above +50°C 

, Derate at 16mW/°C for case temperatures above +25°C 


QP 


TYPICAL CHARACTERISTICS 


Open-' ip Er ke alifior ArpMicaton 
se rremancy 


Bee MNT UR 
aa 
ca 1 UN 
cea ah MU 

| 


i 
HS 


Ts eCELT 


w 
—) 


Rr is ie Abi pin 9 to grou: rt 
DRUG 


OPEN-LOOP VOLTAGE AMPLIFICATION (dB) 


Value of Rr below 30k0 will begin to 


0 limit the maximum duty-cycle i] 
a ut ati 
100 lk 10k 100k 10M 
FREQUENCY (Hz) 


Oukeurt Dead Time vs 
Timing Capacitance Value- 


— ooo 
or $F — 
_ ae ee as 
a aan aes 
aa eee LG ieee ee 
os ee De | a 
preceee) ired () 
rom OO 
2 pe 
3 a | 
a 1 a As aS 1 
_ ——r "es A SE 
> ee a ee es 
& et as 
8 oa = ee a 
mannii Lhe 
ote ead time = blanking pulse width LT 
plus output delay 
0.1 
0,001 0.004 0.01 0.04 0.1 


Cr—CAPACITANCE (uF) 


_, RECOMMENDED OPERATING CONDITIONS 
Supply Voltage; Vec ...>..- 
Reference Output Current... 
Current through Cr Terminal 
Timing Resistor, Rr.... 
Timing Capacitor, Cr. 
Operating Ambient’ Temperature Range 
UC1524 . i 
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UC2524 .... 
UC3524 oo... cela cence eee : 


OSCILLATOR FREQUENCY (Hz) 


COLLECTOR: TO-EMITTER VOLTAGE (¥) 


SAAN N BU 


2 5 10 20 ~ 50 


UC1524 UC2524 UC3524 


8V to 40V" 
.-0 to 20mA 
03mA to ~2mA 
. 1.8KQ to 100KQ 
£2.0.001yF to 0.1uF 


one 58°C to +125°C 
.. 725°C to +86°C 
0°C to +70°C 


Oscillator Frequency 
vs Timing Components 


ARV AIVAD alll 


Rr — TIMING RESISTOR (ko) 


Output Saturation Voltage 


ut 
vs Load ‘Current 


LOAD CURRENT (mA) 


PRINCIPLES OF OPERATION 
The UC1524 is a fixed-frequency pulse-width-modulation voltage 
regulator control circuit. The regulator operates at a frequency that 


is programmed by one timing resistor (Rr) and one timing capacitor ; 


(Cr). Rr establishes a constant charging current for Cr. This results 
in a linear voltage ramp at Cy, which is fed to the comparator 
providing tinear control of the output pulse width by the error 
amplifier. The UC1524 contains an on-board 5V regulator that 
serves as a reference as well as powering the UC1524’s internal 
control. circuitry and is also useful in supplying external support 
functions. This reference voltage is lowered externally by a resistor 
divider to provide a reference within the common-mode range of 
the error amplifier or an external reference may be used. The power 
supply output is sensed by a second resistor divider network to 
generate a feedback signal to the error amplifier. The amplifier 
output voltage is then compared to the linear voltage ramp at Cy. 


UC1524 UC2524 UC3524 


then steered to the appropriate output pass transistor (Q: or.Qz) by 
the. pulse-steering flip-flop, which is synchronously toggled by the 
oscillator output. The ‘oscillator output pulse also serves as a 
blanking pulse to assure both outputs are never on simultaneously 
during the transition times. The width of the blanking pulse is 
controlled by the value of Cy. The outputs may be applied ina push- 
pull configuration in which their frequency is half that of the ‘pase 
oscillator, or paratleled for single-ended applications in which the 
frequency is equal to that of the oscillator. The output of the error 
amplifier shares a common input to the comparator with the 
current limiting and shutdown circuitry and can be overridden by 
signals from either of these inputs. This common point is also 
available externally and may be employed to control the gain of, or 
to compensate, the error amplifier, or to provide additional control 


The resulting modulated pulse out of the high-gain comparator is to the regulator. 


TYPICAL APPLICATIONS DATA 
Oscillator 
The oscillator controls the frequency of the UC1524 and is 
programmed by Rr and C; according to the approximate formula: 
f~ 118 
Ry Cr 
where Rr is in kilohms 
Cy is in microfarads 
f is in kilohertz 


Practical values of Cr fall between 0.001 and 0.1 microfarad. 
Practical values of Rr fall between 1.8and 100 kilohms. This results 
in a frequency range typically from 120 hertz to 500 kilohertz. 


Blanking a 

The output pulse of the.oscillator is used’as a blanking pulse at the 
output. This pulse width is controlled by the value of Cy, If small 
values of Cr are required for frequency control, the oscillator output 
pulse width may still be increased by applying a shunt capacitance 
of up to 100pF: from pin 3 to ground. {f still greater dead-time is 
required, it should be accomplished by limiting the maximum duty 


; Singte-Ended LC Switching Regutator Circuit 


0.19 


cycle by clamping the output of the error amplifier. This can easily 
be done with the circuit below: 


Synchronous Operation cet 

When an external clock is desired, a clock pulse of approximately 
3V can be applied directly to the oscillator output terminal. The 
impedance to ground at this peint is approximately 2 kilohms. tn 
this configuration R; Cr must be selected for'a clock period slightly 
greater than that of the external clock. 


If two or more UC1524 regulators are to be operated synchronously, 
all .oscillator output terminals should be tied together, all Cr 
terminals connected to a single timing capacitor, and the timing 
resistor connected to a single Rr terminal: The other Ry terminals 
can be left open or shorted to Vaer. Minimum lead lengths should be 
used between the C; terminals. _ 


Push-Pull Transformer-Coupted Circuit 


UC1524 


Shut 
Down ©. Li 


01 
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(LJ qmeurs UC1524A 


— UNITRODE : : THN 
Advanced Regulating Pulse Width Modulators | eed sts 


FEATURES fib 2 _ DESCRIPTION 

© Fully interchangeable with standard The UC1524A family of regulating PWM ICs has been designed to retain the same 
UC1524 family highly versatile architecture of the industry standard UC1524 (SG1524) while offering 

© Precision reference internally trimmed substantial improvements to many of its limitations. The UC1524A is pin compatible 
tot1%® . aa with “non-A” models and in most existing applications can be directly interchanged 


© High-Perf limit functi with no effect on power supply performance. Using the UC1524A, however, frees the. 
igh-Performance current limit function __ Gegigner from many-concerns which typically had required additionat circuitry to solve. 
© Under-voltage lockout with hysteretic . ; ” pee ae 
turn-on : The UC1524A includes a precise 5V reference trimmed to +1% accuracy, eliminating 
: the need for potentiometer adjustments; an error amplifier with an input range which 


* Start-up supply current less than 4mA includes 5V, eliminating the need for a reference divider; a current sense amplifier 


¢ Output current to 200mA useful in either the ground or power supply output lines; and a pair of 60V, 200mA 

© 60V output capability ; uncommitted transistor switches which greatly enhance output versatility. 

© Wide common-mode input range for" An additional feature of the UC1524A is an under-voltage lockout circyit which disables 
both error and current limit amplifiers ail the internal circuitry, except the reference, until the input voitage has risen to 8V. 

e PWM latch insures single pulse per This holds standby current low until turn-on, greatly simplifying the design of low power, 
period : off-line supplies. The turn-on circuit has approximately 600mV of hysteresis for jitter- 

¢ Double pulse suppression logic free activation. fe . ae 

® 200ns shutdown through PWM latch Other product enhancements included in the UC1524A’s design include a PWM latch 

e Guaranteed frequency accuracy which insures freedom.from muttiple pulsing within a period, even in noisy environ- 


ments, logic to eliminate double pulsing on a single output, a 200ns external Shutdown 
capability, and automatic thermal protection from excessive chip temperature. The 
oscillator circuit of the.UC1524A is usable beyond 500kHz and is now easier to 
synchronize with an external clock pulse. 2 Re an 


e Therma! shutdown protection 


s 


The UC1524A is packaged in.a hermetic 16-pin DIP and is rated for operation from 
-55°C to +125°C. The UC2524A and UC3524A are available in either ceramic or plastic 
; : packages and are rated for operation from -25°C to +85°C and 0°C to 70°C, respectively. 
ABSOLUTE MAXIMUM RATINGS : 
Supply Voltage-(Vin) .....0.-06-22 2085 Bie Os MOtdiciadeds Mian Stee aie aets 
Collector Supply Voltage (Vc)......0...5. ecco ee : 
Output Current (Each Output) .....- eee ha Aegan oe ee 
Maximum Forced Voltage (PIN 9, 10) .......-...600-+ 
Maximum Foroed Current (PIN 9,10) .......--.-.--++ 
Reference Output Current ........-.-...-+-00-5- 


Power Dissipation at Tc = +25°C -. = : 
Derate for Case Temperature above +25°C .7 10... 16. ee cere eee eee 


Operating Temperature Range:..-......---. esc e eccentrics -55°C to +125°C 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) ......--- 66.002 ssc e eee ener tree ees +300°C 


BLOCK DIAGRAM, : ay te 3 CONNECTION DIAGRAM 
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4-83 


-UC1524A UC2524A UC3524A 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1524A, 
725°C to +85°C for the UC2524A, and 0°C to +70°C for the UC35244A; Vin = Vo = 20V.) Ta=Ty © 


2] [#] 
ieee 
Operating Current 


Vin = 8 to 40V fe eee 140 
Reference Section a 
Over OperatingRange | 49 ear 
Line Regulation - | Vin = 10 to 40V 10 


W=Oto20mA 
Temperature Stability* Over Operating Range* ; ‘ 20 |. 25 20 | 35 | 
Short Circuit Current Vrer = 0, 25°C = T, < 125°C » 80 | 100 

[iohe Sf = tows, T= 260+ +d ao 


‘| Output Noise Voltage* 
Long Term ‘Stability* Tj = 125°C, 1000 Hrs. 
= 0.01 mfd) 


| Oscillator Section (Uniess otherwise specified, Rr = 27000; Cr 
inital Accuracy Tasca | wl 
[ial Accuracy | Over Operating Range | woz |_| asc | 
Temperature Stabiliy® | Over Operating Temperature Range | | 1 | 2 | [a |-2 7 
[ Minimum Frequency [Rr =150K0,Cr=0.1ma |] | 140] 
-[-iaximum Frequency [Rr=20Kn, Gr=470pF ——*« soot | 
Output Amplitude* 3 . 3.5 ; 
Output Pulse Width* 0.5 c 


Ramp Peak P 


PARAMETER TEST CONDITIONS 


Turn-on Characteristics 
Input Voltage 
Turn-on Threshold.” 


Turn-on Current 2 


Ramp Valley T.C. , 
Error Amplitier Section (Unless otherwise specified, Vom = 2.5V) ; : 
Input Offset Voltage : 0.5 2 mV 


5 10 

Input Bias Current 1 ef fe [ato | HA 
om | 1 | fos] a | wa 
|_Common Mode Rejection Ratio [ Vow = 1.5 to 5.5V 70_| 80 | 70 {oo | | ap 

Power Supply Rejection Ratio _| Vin = 10 to 40V 70 | 8 | | 70 | - | a | 
psoas Pee pat 
7 
7 fest tar Pap 

P.W.M. Gomparator (Rr = 2002, C, = 0.01 mid) 
[ Maximum Duy Gyoie Venema TdT Cd [de 
[ wastru Ouy Oyo | Voowe=88v—— et pe po 


* These parameters are guaranteed by design but not 100% tested in Production. 


T DC transconductance (gyq) relates to DC open-loop voltage gain according to the following equation: Ay = g@RL 
where R_ is the resistance from pin 9. to ground. : 


The minimum gy specification is used to calculate minimum Ay when the error amplifier output is loaded. 
Note 1. Min limit applies to output high level, max limit applies to output low level. a 
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UC1524A UC2524A UC3524A 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1524A, 
-25°C to +85°C for the UC2524A, and 0°C to +70°C for the UC3524A; Vin = Vo = 20V.) Ta =T; 


PARAMET ER TEST CONDITIONS 


Lave. [wax [ win [ve | wane | 

Current Limit Amplifier (Unless otherwise specified, Pin’5 = OV) = 

“Input Offet Voltage [1 = 25°C, E/A Set for Maximum Output] 190 200 ] 210 | 180.| 200] 220 | mv_| 
input Offet Voltage Fover Operating Temperature Range | 180] | 220] 170 | | 230_ 

[input BiasCurent, | at | 20 


| 50 | 60 | 
Power Supply Rejection Ration [Viw=10to4ov | 80 | 60 | 
[Output Swing (Neto 1) [Minimum Total Range | SOL 
| Open-Loop Voltage Gain (| AVo=1to4V,R>10MegQ | 70 | 80 | 
“Delay Time* [Pind toPin9, AVmw=300mv | —_—‘| 300 | 
Oiitput Section (Each Output) 


Collector Emitter Voltage 


Coltector Leakage Current 


[co | a {| | 60 | 20 | v 
7 20 | 20_| A 
Saturation Voltage Ig = 200mA Lee eee she 


[200 | 


Fall Time* Tj = 25°C, R = 2KQ 25 


| Comparator Delay* | T= 25°C, Pin 9 tooutput | [300] 
Shutdown Delay* T) = 25°C, Pin 10 to Output ar ae 
Shutdown Threshold Tj = 25°C, Re = 2KQ° | 06-| 7 | 10 | 06 
$/D Threshold Over Temp. ae eee 12 | 0. 
Thermal Shutdown* ~ [1s] | vc |} 
* These parameters are guaranteed by design but not 100% tested in production. 

OPEN-LOOP TEST CIRCUIT ; 


‘io Note: The UC1524A should be able to be tested in any 1524 test circuit with two possible exceptions: | 
1. The higher gain-bandwidth of the current limit amplifier in the UC1524A may cause oscillations in an uncompensated 1524 
test circuit. 
2. The effect of the shutdown, pin 10, cannot be seen at the compensation terminal, pin 9, but must be observed at the outputs. 
The circuit below will alléw all UC1524A functions to be evaluated. 


+VinO 


COLLECTOR 


A 
COLLECTOR B O Bour 


EMITTER A 
ERROR AMP CURRENT LIMIT . 
: OO EMITTER 8 


NI INV (+) 
C; INPUT INPUT COMP SENSE SENSE -S/D__ GND 
[5] 


UC1524A UC2524A UC3524A 


: Error Amplifier Voltage Gain. ' Pulse Width Modulator 
Supply Current vs Voltage : and Phase vs Frequency © © Transfer Function 
he 
7d ‘ 
= on: a 
2 z e 
4 a& 
3 & $5 
= go 40 z oO 
=) 4 pt w 
ras) 5 3 Zz 
6 3 6 ¢ 
4 > vu my 
3 $ 20 | Ri is impedance from pin 9 | | 2 3. 
a Ss to ground. Values below a 3 
1 2 30kQ will begin to limit the m > 
o Py maximum duty cycle. —, & 
caer) -1g0e ° 
-270° 
. -360° os 
100 1k 10k 100k 1M. 10M 0 1 2. 3 “4a Soot By 
SUPPLY VOLTAGE — Vin (V) FREQUENCY — (Hz) % PWM INPUT VOLTAGE. (PIN'9) - 
‘ 2 
Oscillator Frequency vs Timing oem Dead Time vs Timing on : : 
Components : Capacitor Value . Output Saturation Voltage 
x 1M 3 : 
i = 
= w 
E 100k omieg g 
z 2 < 
3 § mp 3 
& a 7 > 
g ; Dear B: 
E 
E 10k 3 —— z 
§ ——— 2 t+——+-—} } 
5 ——— 5 a e 
| a E $ 
@ ult : El 
—— a 
—— 3 
——< 
S Note: Dead time = osc output ‘pulse 
1 width plus output delay 
100 —t 
1 2 5 10 20 50 100 
TIMING RESISTOR — Ry(kQ) TIMING CAPACITOR — Cy (nF) Fe +. OUTPUT COLLECTOR CURRENT (mA) 
fo za Shutdown Delay From PWM Turn-Off Delay From 
Current Limit Amplifier Dela Co rator — Pin 9 Shutdown —- Pin 10 
mpai 
OUTPUT AT'PIN 9 
Ss = 
= = 5 
3 a z 
= e 2 
2 2 fo} 
° Q 
OUTPUT AT. 
7 ° : | PIN 12 OR 13 
= = 
iS = 
S Zz . 
Note: Minimum input pulse width : Note: Minlmure input pulse width 
DELAY TIME (us) DELAY TIME (us) : DELAY TIME (us) 
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(LI) aacurts. UC1525A UC1527A 
am UNITRODE : UC2525A UC2527A 


Regulating Pulse Width Modulators - UESB25A."UC3527A 


FEATURES : DESCRIPTION 
® 8 to 35V operation” we . The UC1525A/1527A series of pulse width modulator integrated circuits are designed 
e 5.1V reference trimmed to +1% : to offer improved performance and lowered external parts count when used in designing 
@ 100Hz to 500kHz oscillator range all types of switching power supplies. The on-chip +5.1V reference is trimmed to +1% 
e Separate oscillator sync terminal and the input common-mode range of the error amplifier includes the reference voltage, 
© Adjustable. deadtime control : ~ »- eliminating external resistors. A sync input to the oscillator allows multiple units to be 
@ Internal soft-start slaved or a single unit to be synchronized to an external system clock. A single registor 
© Pulse-by-pulse shutdewn between the C; and the discharge terminals provide a wide range of dead time adjust- 
e input undervoltage lockout with ment. Thése devices also feature built-in soft-start circuitry with only an external timing 
hysteresis : capacitor required. A shutdown terminal controls both the soft-start circuitry and the . 
© Latching PWM to prevent multiple output stages, providing instantaneous turn off through the PWM latch with pulsed 
pulses shutdown, as well as soft-start recycle with longer shutdown commands. These 
© Dual source/sink output drivers functions are also controlled by.an undervoltage lockout which keeps the outputs off 
a and the soft-start capacitor discharged for sub-normal input voltages. This lockout 
circuitry includes approximately 500mvV of hysteresis for jitter-free operation. Another 
: feature of these PWM circuits is a latch following the comparator. Once a PWM pulse. has 
been terminated for any reason, the outputs will remain off for the duration of the period. 
The latch is reset with each clock pulse. The output stages are totem-pole designs 
capable of sourcing or sinking in excess of 200mA. The UC1525A output stage features 
NOR logic, giving a LOW output for an OFF state. The UC1527A utilizes OR logic which 
results in a HIGH output level when OFF. : 
ABSOLUTE MAXIMUM RATINGS (Note 1) s RECOMMENDED OPERATING CONDITIONS (Note 4) oe 
Supply Voltage, (+Vin) ......--. cs cece cence cence cence eees +40V —s Input Voltage (+Vin) ..... 0.0. c ccc cece cee n ence +8V to +35V 
Collector Supply Voltage (Vc) ...-..------ cee eee e cece eee eee +40V—— Collector Supply Voltage (Vc) ............ cee eens +4.5V to +35V 
Logic Inputs: .............00. ee eee --0.3V to +5.5V — Sink/Source Load Current (steady state)........... 0 to 100mA__ 
Analog Inputs ..........-......666 .. -0.3V to+Vin— Sink/Source Load Current (peak) ............../.. 0 to 400mA 
Output Current, Source or Sink ......0........ 0. cee eee 500mA Reference Load Current.................. cee eee 0 to 20mA .- 
Reference Output Current...... Serra reer ret ae + J..50mA — Oscillator Frequency Range ........-0eeeereee 100Hz to 400kHz 
Oscillator Charging Current ...............-2e cece eee eens 5mA Oscillator Timing Resistor ..................00005 2kQ to 150kQ 
Power Dissipation at T,= +25°C (Note 2).............. 1000mW Oscillator Timing Capacitor .............4.-+5- .001pF to 0.1yF 
Thermal Resistance, Junction to Ambient ............. 100°C/W_ - Dead Time Resistor Range ...:...... 0... ccceeeeeeees 0 to 500Q 


Power Dissipation at Tc = +25°C (Note 3).. ....2000mW Operating Ambient Temperature Range - 

Thermal Resistance, Junction to Case ................. 60°C/W _ UC1525A, UCI527A..... eee cece eee ees -55°C to +125°C 
Operating Junction Temperature ...... -55°C to +150°C UC2525A, UC2527A....... 0.2 cece enone -25°C to +85°C 
Storage Temperature Range.................- -65°C to +150°C UC3525A, UC3527A........... cece cece eee 0°C to +70°C 
Lead Temperature (Soldering, 10 seconds) ............ +300°C —=— Notes: 4. Range over which the device is functional and parameter limits 
Notes: 1. Values beyond which damage may occur. 7 are guaranteed. 


2. Derate at 1OmW/°C for ambient temperatures above +50°C. 
3. Derate at 16mW/°C for case temperatures above +25°C. 


BLOCK DIAGRAM ; ‘ CONNECTION DIAGRAM 
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J or N Package 
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SOFT-START @) 


SOFT-START [8] | 9] COMPENSATION 


SHUTDOWN OQ) 


UC1525A UC1527A 
..UC2525A UC2527A 


fc [5.05 | 5.10 | 
| Line Regulation TT vw=8toagv | (to | 
| Load Regulation Th =Oto20ma | | 
| | 20 | 

j= 


a 
is 


: Temperature Stability (Note 5) Over Operating Range s ie 
Total Output Variation (Note 5) _| Line, Load, and Temperature 15.00 | | 
Short Circuit Current Vrer = 0, Tj =25°C ~ | [80 | 


Output Noise Voltage (Note 5) 10Hz = 10kHz, Tj = 25°C 
Long Term Stability (Note 5) Tj = 125°C ; 


Output Voltage Ty = 25°C ‘ 
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Common Mode Rejection Vom = 1.5 to 5.2V 


Notes: 5. These parameters, although guaranteed over the recommended Operating conditions, are not 100% tested in production. 
1 


= 

Output High Level ; En 
| 60 | 

| 50_| 


6. Tested at fosc = 40KHz (Rr = 3.6K, Cr = .O1uF, Rp = 00). Approximate oscillator frequency is defined by: f= CHO.7Ry + 3Rp) 


7. DC transconductance (gy) relates to DC open-loop voltage gain (Ay) according to the following equation: Ay = gmRe 
where RL is the resistance from pin 9 to ground. 


The minimum gm specification is used to calculate minimum Ay when the error amplifier output is loaded. 
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UC1525A UC1527A 


: ; : - _ UC2525A UC2527A 
ELECTRICAL CHARACTERISTICS (+Vin =.20V, and over operating temperature, unless otherwise specified) TA=TJ UC3525A UC3527A 


UC1525A/UC2525A 
UC1527A/UC2527A 


PARAMETER TEST CONDITIONS 


Maximum Duty-Cycle as 


[input Threshold (Note 6) | MaximumDutycycle | | 83 | 36] 

inoue aaa Gena ee fe hes oe 
Shutdown Section : 

Vso = OV, Vss = OV |_ 25 | 

F Shutdown input Current 

Shutdown Delay (Note 5) © * 


[| 0.2 | 
Output Drivers (Each Output) (Ve ="20V) 
eee ea read 
Isink = 100mA me ersEe 
[Wsounce=20mA | 18. | 299 


lsource = 100mA 
Voomp and Vss = High 


° 
N 


elo 
o|°O 


Output Low Level 


N 
° 


Output High Level 


e 
| 


Under-Voltage Lockout 


- 
ele|e 


Vc OFF Current (Note 7) Vo = 35V “ 
Rise Time (Note5). | Ck = LAF, T)= 25°C ae! 100 | 600 


Fall Time (Note 5) 
Total Standby Current 
Supply Current 


Ci = Inf, T; =25°C 


“5 ) Vin = 35V 

Notes: 5. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 
6. Tested at fose = 40KHz (Rr =3.6kN, Cr = 0.1uF, Rp = 0). we. 
7. Collector off-state quiescent current measured at pin 13 with outputs low for UC1525A and high for UC1527A. - 


UC1525A Error Amplifier 


TO PWM 
COMPARATOR 


¢ Moe : 8S 1000 
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UC1525A UC1527A 
UC2525A UC2527A 


PRINCIPLES OF OPERATION AND TYPICAL CHARACTERISTICS “ : : UC3525A UC3527A 
UC1525A Output Circuit UC1525A Output Saturation 
% Circuit Shown) sae Characteristics 


+Vin 


= 
w 3 
= 
5 
So 
> 
G} output 5 > 
| LLL 
[4 
=) 
2 
a 
1s OMMITTED 1 mane 
IN-UCL527A Ab 
0 LY 
01 02 .03 04.05.07 .10 2 345 7 140 
OUTPUT CURRENT, SOURCE OR SINK (A) 
clock oF /F PWM 
+Vsurecy Q TO OUTPUT FILTER _#V surety © 
fe T 
RETURN © RETURNO 

For single-ended supplies, the driver outputs are grounded. In conventional push-pull bipolar designs, forward base drive 

The Vc terminal is switched to ground by the totem- -pole source is controlled by Ry-Rs. Rapid turn-off times for the power 

transistors on alternate oscillator cycles. devices are achieved with speed-up capacitors C, and C2. 


+15V 


UC1525A 


RETURN.O D1, 02: UC3611 
7 = Dt, D2: uca6t1 

The low source impedance of the output drivers provides rapid Low power transformers can be driven by the UC1525A. Auto- 

charging of power FET input capacitance while minimizing matic reset occurs during dead time, when both ends of the pri- 

external components. mary winding are switched to ground. 
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UC1525A UC1527A 
UC2525A UC2527A 


PRINCIPLES OF OPERATION AND TYPICAL CHARACTERISTICS UC3525A UC3527A 
SHUTDOWN OPTIONS (See Biock Diagram) os i. 2 
Since both the compensation and soft-start terminals (Pins 9 UC1525A Oscillator Schematic 


and 8) have current source pull-ups, either can readily accept 
a pull-down signal which only has to sink a maximum of 
100pA to turn off the outputs. This is subject to the added 
requirement of discharging whatever external capacitance may 
be attached to these pins. : 

An.alternate approach is the use of the shutdown circuitry of Rr 
Pin 10 which has been improved to enhance the available 
shutdown options. Activating this circuit by applyifig a positive 
signal on Pin 10 performs two functions: the PWM latch is ‘ RAMP 
immediately set providing the fastest turn-off signa! to the 
outputs; and a 150A current sink begins to discharge the 
external soft-start capacitor. If the shutdown command is SYNC 
short, the PWM signal is terminated without'significant ; 
discharge of the soft-start capacitor, thus, allowing,-for . DISCHARGE 
example, a convenient implementation of pulse-by-pulse 
current limiting. Holding Pin 10 high for a longer duration, 


LANKING 
fo OUTPUT 


however, will ultimately discharge’ this external capacitor, _ 
recycling slow turn-on upon release. =" env (2) 
Pin 10 should-not be left floating as noise pickup could Fy crock 
conceivably interrupt normal operation. 
Oscillator Charge Time : Oscillator gooey i Time 
vs. R, and C, vs. 
2 Z 
g cS) 
z € 
Ca « 
a s io 
BLL ls / é 
n 
: Wiss : 
2 
ut ia 
Coes L g ~ — g a ze 
CHARGE TIME (us) = DISCHARGE TIME be) 
Error Amplifier Voltage Gain 
MAXIMUM VALUE Rd Vs aoe VALUE Rt and Phase vs Frequency 
& 
Zz 
WwW 
> ~ 
< 8 
« 1 
: Z 
Zz co) 
wu 
° go 
Ww < 
3 5 
g : 
3 g ies Below y 
Oo = ait begin to et the g 
aw zg maximum duty cyc! z 
3 . -180 $ 
z -270° 5 
< 2 
= - -360° S 
100 1k 10k © 100k 1M 10M 


MINIMUM Oa Rt FOR A GIVEN Rd FREQUENCY — (Hz) 
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sls UC1525A UC1527A 
2 UC2525A UC2527A 
LAB TEST FIXTURE Ho UC3525A, UC3527A : 


REFERENCE 
REGULATOR 


©) ano 


=" SOFT-START 


Unitrode Integrated Circuits Corporation 


7 Continental Boulevard. « P.O. Box 399 « Merrimack, New Hampshire e 03054-0399 
Telephone 603-424-2410 « FAX 603-424-3460 ox 
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[LJ] saeenarme UC1526 
UC2526 


Regulating Pulse Width Monitor é 

FEATURES ~ DESCRIPTION : 

® 8 to 35V operation ~~ “The UC1526 is a high performance monolithic pulse width modulator circuit designed 

e 5V reference trimmed to +1% for fixed-frequency switching regulators and other power control applications. Included 

@ 1Hz to 400kHz oscillator range © in an 18-pin dual-in-line package are a temperature compensated voltage reference, 

@ Dual 100mA source/sink outputs sawtooth oscillator, error amplifier, pulse width modulator, pulse metering and steering 
@ Digital current timiting "logic, and two low impedance power drivers..Also included are protective features such 

© Double pulse suppression as soft-start and under-voltage lockout, digital current limiting, double pulse inhibit, a 

e Programmable deadtime , data latch for single pulse metering, adjustable deadtime, and provision for symmetry 

@ Under-voltage lockout correction inputs. For ease of interface, all digital control ports are TTL and B-series 

e Single pulse metering - CMOS compatible. Active LOW logic design allows wired-OR connections for maximum 

© Programmable soft-start flexibility. This versatile device can be used to implement single-ended or push-pull: 

© Wide current limit common mode range switching regulators of either polarity, both transformerless and transformer.coupled. 

© TTL/CMOS compatible logic ports * The UC1526 is characterized for operation‘over the full. military temperature range of. 

¢ Symmetry correction capability -55°C to +125°C. The UC2526 is characterized for operation from -25°C to +85°C, and 
© Guaranteed 6 unit synchronization the UC3526 is characterized for operation from 0°C to +70°C. 

ABSOLUTE MAXIMUM RATINGS (Note 1) ce bis, RECOMMENDED OPERATING CONDITIONS (Note 4) 

Input Voltage (+VIN) .. 0.6. cece cece eee e tebe een e enna +40V Input Voltage........ 0.6... f occ e eee reece eee eee +8V to +35V. 
Collector Supply Voltage (+Vc) «10... cece cece cece renee +40V Collector Supply Voltage ............... .. +4.5V to +35V 


Logic Inputs ..... Beda Gade aiedaaite -70.3V to +5.5V Sink/Source Load Current (each output).........-. 0 to LOOMmA® 
Analog Inputs ............ ccc eee cece eee ..70.3V to +Vin Reference Load Current........0.. eee ecee rene eeenee 0 to 20mA 
Source/Sink Load Current (each output)................ 200mA Oscillator Frequency Range ...... . 1Hz to 400kHz 
Reference Load Current.........0ccsce cence eee eeseeeaee 50mA Oscillator Timing Resistor........ .. 2kQ to 150kQ 
Logic Sink Current....... 0.0... cece cece cece teen eee enee 15mA Oscillator Timing Capacitor ............ 0. cece eee 1nF to 20pF 
Power Dissipation at Ta = +25°C (Note 2).. .».. LOOOmMW Available Deadtime Range at 40kHz................ 3% to 50% 
Thermal Resistance, Junction to Ambient . . ....100°C/W Operating Ambient Temperature Range ~ 2 

Power Digsipation at Tc = +25°C (Note 3). +e. 3000mW UCI526. 22 uticsete aes eate teete aeareenins -55°C to +125°C 
Thermal Resistance, Junction to Case ................. 42°C/W C2526 «oo cece eee eee teen ne eee -25°C to +85°C 
Operating Junction Temperature ............. 0.0 eee ee +150°C aeotiae Dhabas Sa eueawe sg bed aAusesiogti a olhuaslond 0°C to +70°C 
Storage Temperature Range.............. 


: .. 765°C to +150°C Note: 4. Range aver which the device is functiofial and parameter limits 
Lead Temperature (soldering, 10 seconds)............. +300°C : are guaranteed. : : 


Notes: 1. Values beyond which damage may occur. 
2. Derate at 1OmW/°C for ambient temperatures above +50°C. 
3. Derate at 24mW/°C-for case temperatures above +25°C. : 
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ELECTRICAL CHARACTERISTICS (+Vin = 15V, and over operating ambient temperature, unless otherwise specified) Ta=Ty 
UC1526/UC2526 


-” PARAMETER ~ TEST CONDITIONS | 


Reference Section (Note 5) 


Output Voltage Ty = +25°C | 


Line Regulation ~~ +Vin = 8 to 35V . | 10 | 20 | iO |} 30 }.. mV} 
Load Regulation IL = 0 to 20mA | 10 | 30 | 10 | 50 {| mv 


Temperature Stability Over Operating Ty 


Total Output Over Recommended: , 
Voltage Range Operating Conditions 


Short Circuit Current Vaer = OV 


Under-Voltage Lockout 


RESET Output Voltage Vrer = 3.8V 
RESET Output Voltage -|""Vrer = 4.8V° 
Oscillator Section (Note 6) 


iti 4 
Bess 
Temperature Stability Over Operating Ty 

|_Maximum Frequency | Rr=2k0,Cr=10nF | 4000 | 
|_Sawtooth Peak Voltage [ *Vm=36V0 STC 
[05 | 

oe 

[ts Sa 

Eo oe 

| 64 | 


Initial Accuracy Ty = +25°C 
Voltage Stability +Vin = 8 to 35V - 


Sawtooth Valley Voltage 


_Error Amplifier Section. (Note 7) is : 


Input Offset Voltage 


bi 


Supply Voltage Rejection +Vin = 12 to 18V 


PWM Comparator (Note 6) : : : 
Minimum Duty Cycle Veompensation = +0.4V 


| Maximum Duty Cycle 
Digital Ports (SYNC, SHUTDOWN, and RESET) . 


“Low Output votage | tome =36mA_— SSS 


Notes: 5. IL = OmA. ae 
6. Fose = 40kHz (Rr = 4.12kQ + 1%, Cr = OluF + 1%, Rp = 00 
7. Vom = 0 to +5.2V : ' 
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UC3526 * 


UC1526° 


UC2526 
. UC3526 
ELECTRICAL CHARACTERISTICS (+Vin = I5V, and over operating ambient temperature, unless otherwise specified) Ta=Ty 
PARAMETER "TEST CONDITIONS UNITS 
. . MIN. | TyP. | MAX: | MIN. | TYP. | MAX. 
Current Limit Comparator (Note 8) 7 ; § i : 
Sense Voltage Rs < 500 -* | 100: | 110 | 80 120] om | 
Input Bias Current -3 | -10 -10 | yA | 
'Soft-Start Section . 
Error Clamp Voltage RESET = +0.4V ©: 


Cs Charging Current RESET = +2.4V 
* Output Drivers (Each Output) (Note 9). 


lsource = 20MA 
source = 100mA 


: HIGH Output Voltage 
\sink = 20MA 


LOW Output Voltage 

Isink = 100mA 
| . Cottector Leakage Ve = 40V 
“Rise Time Cx = 1000pF 


Fall Time 
Power Consumption (Note 10) F 


|) Cy = 1000pF 


Notes: 8.Vcm=0to+12V. 
9) Vg = +15V 
10: #Viy = +35V, Rr = 4.12k0 


Staridby Current SHUTDOWN = +0.4V 


APPLICATIONS INFORMATION 


Voltage Reference” 

The reference regulator of the UC1526 is based ona temperature 
» compensated zener diode. The circuitry is fully active at supply 
voltages above +8V, and provides up to 20mA of load current to 
external circuitry at +5.0V. In systems where additional current is 
required, an external PNP transistor can be used to boost the 
available current. A rugged low frequency audio-type transistor 
should be used, and lead lengths between the PWM and transistor 
should be as short as possible to minitnize the risk of oscillations. 
Even so, some types of transistors ‘may require collector-base 
capacitance for stability. Up to 1 amp of load current can be 


obtained with excelteat regulation ‘if-the device selected — 


maintains high current gain. 


ce a= “May be required 
with spme types 
of transistors 


| 10yF 
GND 


Figure 1. Extending Reference Output Current 


Under-Voltage Lockout : 

The under-voltage lockout circuit protects the UC1526 and the 
power devices it controls from inadequate supply voltage. If +Vin 
is too low, the circuit disables the output drivers and holds the 
RESET pin LOW. This prevents spurious output pulses while the 
control circuitry is stabilizing, and holds the soft-start timing 
capacitor in a discharged state. 


The circuit consists of a +1.2V bandgap reference and 
comparator circuit which is active when the reference voitage has 
risen to 3Vpe or +1.8V at 25°C. When the reference voltage rises to 
approximately +4.4V, the: circuit enables the qutput drivers.and 
releases the RESET pin, allowing a normal. soft-start: The 
comparator has 200mV of hysteresis to minimize oscillation at 
the trip point. When +Vin tothe PWM is removed and the reference 
drops to +4.2V, the under-voltage circuit pulls RESET. LOW again. 
The soft-start capacitor is immediately discharged, and the PWM 
is ready for another soft-start cycle. 


The UC1526 can operate from a +5V supply by connecting the 


Vrer pin to the +Vin pin and maintaining the supply between +4.8 
and +5.2V. ’ 


TO RESET 


TO DRIVER A 
TO DRIVER B 


Figure 2. Under-Voltage Lockout Schematic 


Soft-Start Circuit 

The soft-start circuit protects the power transistors and rectifier 
diodes from high current surges during power supply turn-on. 
When supply voltage is first applied to the UC1526, the under- 
voltage locKout circuit holds RESET LOW with Qs. Q1 is turned on, 
which holds the soft-start capacitor voltage at zero. The second 
collector of Q: clamps the output of the error amplifier to ground, 
guaranteeing zero duty cycle at the driver outputs. When the 
supply voltage reaches normal operating range, RESET will go 
HIGH. Qi ‘turns off, allowing the internal 100A current source to 
charge Cs. Qe clamps the error amplifier output to 1Vge above the 
voltage on Cs. As the soft-start voltage ramps up to +5V, the duty 
cycle pf the PWM linearly increases to whatever value the voltage 
regulation loop requires for-an error null. 


UNDER. 
Csoetstant 
LOCKOUT fi 


Figure 3. Soft-Start Circuit Schematic 


Digital Controf Ports is 
The three digital control ports of the'UC1526 are bi-directional. 
Each pin can drive TTL and 5V CMOS logic directly, up toa fan-out 
of 10 low-power Schottky gates. Each pin can also be directly 
driven. by open-collector TTL, open-drain CMOS, and open- 
collector voltage comparators; fan-in is equivalent to 1 low-power 
Schottky gate. Each port is normally HIGH; the pin is pulled LOW 
téactivate the particular function. Driving SYNC LOW initiates a 
discharge cycle in the oscillator. Pitling SHUTDOWN LOW 
immediately inhibits all PWM output pulses. Holding RESET LOW 
discharges the soft-start capacitor. The logic threshold is +1.1V at 
+25°C. Noise immunity can be gained at the expense of fan-out 
with an external 2K pull-up resistor to +5V. ’ ‘ 


To 
INTERNAL 
LOGIC 


FROM 
INTERNAL 
LoGic 


Figure 4. Digital Control Port Schematic 


nt 


UC1526 
UC2526 
UC3526 


Oscillator — 

The oscillator is programmed for frequency and dead time with 
three components: Rr, Cr and Rp. Two waveforms are generated: 
a sawtooth waveform at pin 10 for pulse Width modulation, and a 


_logic clock at pin 12. The following procedure is recommended for 


choosing timing values: ‘ : 

1. With Rp = 09 (pin 11 shorted to ground) select values for Rr 
and Cr from Figure 7 to give the desired oscillator period. 
Remember that the frequency at each driver output is half 
the: oscillator frequency, ‘and the frequency at the +Vc 
terminal is the same as the oscillator frequency. 

2. If more dead time is’ required; select'a large vatue of Rp: At 

- 40kHz dead time increases by 400nS/N. 

3. Increasing the dead time will cause the oscillator frequency 
to decrease slightly. Go back and decrease the value of Rr 
slightly to bring the frequency back to the nominal design 
value. . 

The U€1526 can be synchronized to an external logic clock by 
programming the oscillator to free-run at a frequency 10% slower 
than the sync frequency. A Periodic LOW logic -pulse 
approximately 0.5us wide at the SYNC pin will then lock the 
oscillator to the external frequency, es oe 


Multiple devices can be synchronized together by programming 
one master unit for the'desired frequency, and then sharing its 
sawtooth and clock waveforms with the slave units. All Cr 
terminals are connected to the Cr pin of the miaster, and all SYNC 
terminals are likewise connected to the SYNC pin of the master. 
Slave Rr terminals are left open or connected to Vrer. Slave Rp 
terminals may be either left open or grounded. 


Error Amplifier 


The error amplifier is a transconductance design, with an output 


impedance of 2M. Since all voitage gain takes place at the ~ 


output pin, the open-loop gain/frequency characteristics can be 
controlled with shunt reactance to ground, When compensated 
for unity-gain stability with aOR the amplifier has art open-loop 
pole at 800Hz. 

The input connections to the error-amplifier are e delerniged by 
the’ polarity of the switching supply output voltage. For positive 
supplies, the common-mode voltage is +5.0V-and the feedback 
connections in Figure‘6A are used. With negative supplies, the 


common-mode. voltage is_ ground and the feedback divider is - 


connected between the negative output and the +5:0V reference 
voltage, as ‘shown in. Figure 6B. 


fen 


NEGATIVE 


POSITIVE 
OUTPUT 


GNO VOLTAGE 
Vour = Vner ( B+ Re ) Vout = Vrer ( B+ ) 
‘2 2 
mete) me Be 


Figure 6. Error Amplifier Connections 
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Output Drivers 

The totem-pole output drivers of the UC1526 are designed to 
source and sink 100mA continuously and 200mA peak. Loads 
‘can be driven either from the output pins 13 and 16, or from the 
Ne, as required. : 

Since’ ‘the bottom transistor of the totem-pole is allowed to 


$aturate, there is a momentary:conduction path from the +V¢ 
“términat to ground during switching. To limitthe resulting current 


spikes a small .resistor in series with pin 14 is always 


‘recommended, The ‘resistor value is determined by the driver 


supply voltage, and should be chosen for 200mA peak currents. 


TO OUTPUT FILTER 


RETURN © 


Figure 8. Single-Ended Configuration 


+15V 


: UC1526 
: UC2526 
TYPICAL CHARACTERISTICS UC3526 


Oscillator Period vs R, and C, 


100 Peeled : ly Ty lg ¥ ¥ RS iy ay, 
— : 


Ry 
° 


a 


TM 
UE 
NONI 


: 

N 

N 

+ 
‘i 

N 

IN 

N 
Bt 
4 


sees a 
L 


500. lms 2ms 5ms 10ms 20ms 50ms 100ms 200ms 500ms 15S 2s 5S 


1 2 5°" 10 20 50 100 200 
OSCILLATION PERIOD 
Output Driver Deadtime, __ Error Amplifier Open Loop 
vs R, Value Under-Voltage Lockout Characteristic Gain vs Frequency 
10 
9 o~ 
cs) 
8 2 
i 
a? z 
$ & 
re € 8 
a5 irr 5 
5 4 4] $ 
a a 
4 8 
2 é 
cs 
1 oO 


0 2 4 6 8 10 12.14.16 18 20 22 10 100 1K 10K 100K iM 10M 


Ro — (2) j REFERENCE VOLTAGE — (V) : FREQUENCY — (HERTZ) 
Current Limit Transfer Function Shutdown Delay ; Output Driver Saturation Voltage 

@ { 
> : $12 No 5 
So sz go 

! w 1.0 Z15 

z = a |e 

= F08 > 
8 77] z 

ES Z06 210 
2 ra} e 
x a < 
Fa Boa s 
= 

0.2 thal HOS 

, a 
0 20 40 60 80 100120 140160180200 ~ -75 -50 -25 0 25 50 75 100 125 150 1 2 5 10 20 50 100 200 
DIFFERENTIAL INPUT VOLTAGE — (mV) JUNCTION TEMPERATURE — (°C) OUTPUT CURRENT, SOURCE OR SINK — (ma) 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. « P.O. Box 399 ® Merrimack, New Hampshire * 03054-0333 
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[Lf] seen? | UC1526A 


aa UNITRODE 7 ee NESeoeR 
Regulating Pulse Width Modulator | 

FEATURES a DESCRIPTION 

@ Reduced Supply Current The UC1526A Series are improved-performance pulse-width modulator circuits _ 

© Oscillator Frequency to 600KHz intended for direct replacement of equivalent non-A” versions in all applications. 

@ Precision Band-Gap Reference Higher frequency operation has been enhanced by several significant improvements 

e 7 to 35V Operation including: a more accurate oscillator with tess minimum dead time, reduced circuit 

© Dual 200mA Source/Sink Outputs ; delays (particularly in current.limiting), and an improved output stage with negligible ~ 
®@ Minimum Output. Cross-Conduction cross-conduction current. Additionat improvements include the incorporation of a 

¢ Double-Pulse Suppression Logic precision, band-gap reference generator, reduced overall supply current, and the 

© Under-Voltage Lockout addition of thermal shutdown protection. 

e eit Uluine aad Along with these improvements, the UC1526A Series retains the protective features of 
 TTL/CMOS Compatible Logic Ports under-voltage lockout, soft-start, digital current limiting, double pulse suppression logic, 


e i = Vn = Voce = 5: and adjustable deadtime. For ease of interfacing, all digital control ports are TTL 
5 Volt Operation (Viv = Vo = Vaer = 5.0V) compatible with active low logic. 


Five volt (5V) operation is possible for “logic level” applications by. connecting Vix, Ve and Vrer 
to a precision 5V input supply. Consult factory for additional information. 


ABSOLUTE MAXIMUM. RATINGS (Note 1) - RECOMMENDED OPERATING CONDITIONS (Note 4) a 
Input Voltage (+Vin) ...... 00sec cece cece cece eee eect eeenene +40V Input Voltage... 2.26... te tenner eeaee +7V to +35V 
Collector Supply Voltage (+Vc) ......... cece ence eee e eee +40V_— Collector Supply Voltage ..............- wee. t4.5¥ito +35V 


Logic Inputs 6.0.0... cece cece eee tence eee ee ees -0.3V to +5.5V Sink/Source Load Current (each output)........... Oto 100mA’ 
Analog Inputs ........ 0. cece cece eect renee ctaee Reference Load Current.......... 0000s ee eee eee apna 0 to 20mA 
Source/Sink Load Current (each output)..........6.. aa Oscillator Frequency Range ..........-.+-+6++- . 1Hz to 600kHz 
Reference Load Current........--.-.--seeeseeseeeee : Oscillator Timing Resistor .... vevveseeae 2KQ to 150kQ 
Logic Sink Current. ..........:. cece eee ener e eens has Oscillator Timing Capacitor ...............200eee 400pF to 20puF 
Power Dissipation at Ta = +25°C (Note 2) Available Deadtime Range at 40kHz............. 22. 1% to 50% 
Thermal Resistance, Junction to Ambient Operating Ambient Temperature Range ’ 
Power Dissipation at Tc = +25°C (Note 3) A UC1526A -55°C to +125°C 
Thermal Resistance, Junction to Case .......... be UC2526A -25°C to +85°C 
Operating Junction Temperature .............-.+-209-- WCBS QGA on cecc ve pend entalca de eude spe cas series O°C to +70°C 
Storage Temperature Range........... anneSerece Note: 4. Range over which the device is functional and. parameter limits 


Lead Temperature (soldering, 10 seconds)...........-. +300°C are guaranteed. 
Notes: 1. Values beyond which damage may occur. ; 
: 2. Derate at 1OmW/°C for ambient temperatures above +50°C. 
3. Derate at 24mW/°C for case temperatures above +25°C. 
BLOCK DIAGRAM , 
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ELECTRICAL CHARACTERISTICS (+Vin = 15V, and over operating ambient temperature, unless otherwise specified) Ta=Tj UC3526A 


PARAMETER TEST CONDITIONS i ea eseah TS 
min. | typ. [Max. | min. | Typ. [max. | UN! 


Reference Section (Note 5) ; 
Output. Voltage Ty = +25°C 4.90 | sae 5.10 
2 | 15 
5 | 20 
15 | 50 
4.85 ie 5.15 
25 | 50 


Line Regulation +Vin = 7 to 35V 
Load Regulation “1 IL = 0 to 20mA 
Over Operating Ty (Note 6) 


Over Recommended 
Operating Conditions , 


Vrer = OV. 


mv 


mV ZI 
mv 


Temperature Stability 


Total Output 
Voltage Range 


Short Circuit Current 
Under-Voltage Lockout 


RESET Output Voltage Vrer = 3.8V 
RESET Output Voitage Vrer = 4.7V 


Oscillator Section (Note 7) 

Initial Accuracy Ty=+25°C oy +3 +8 

Voltage Stability | +Vin=7 to 35V 0.5 

Temperature Stability Over Operating Ty (Note 6) iis 2 6 1 71 3 

“Minimum Frequency Rr = 150kQ, Cr = 20uF (Note 6) 1 l 
Maximum Frequency Rr = 2k, Cr =-470pF 550 | 650 i ‘ 
Sawtooth Peak Voltage | +ViIn=35V 30 {35 [| |30[35-| vi 

| 05 | 


jos [10 | 
|_ SYNC Pulse with | Ty= 25°C Ru=27KQtoVmer | =f aa |_| 
| 5 | 
[1000 | 


Error Amplifier Section (Note 8) 


zinput Offset Voltage | Rs<2kQ 
input Bias Gent [| 
Input Offset Current ; | 35 | 100 


DC Open Loop Gain Ri = 10 MegQ 64 72 1 60 72 .dB 
HIGH Output Voltage Vpin1-Vpin2>150mV, Isource = 100uA 3.6 4.2 ; 3.6 4.2 v 
LOW Output Voitage-: « Vpin2-Vpin1=150mvV, Isink = LOOZA 0.2 0.4 0.2 04 |~ 'V 
Common Mode Rejection Rs = 2kQ dB 
Supply Voltage Rejection ‘+Vin = 12 to 18V dB 
PWM Comparator (Note 7) 
Minimum Duty Cycle — = +0.4V % 
Maximum Duty Cycle Veompensation = +3.6V % 
Digital Ports (SYNC, SHUTDOWN, and RESET) 
HIGH Output Voltage Isource = 40uA v 
LOW Output Voltage Isink = 3.6mA V 
HIGH. Input Current Vin = +2.4V uA 
LOW Input Current Vi, = +0.4V HA 
Shutdown Delay ; From Pin 8, Ty = 25°C ns 


Notes: 5. IL = OmA. 
6. Guaranteed by design, not 100% tested in production. 4" 
7. Fosc = 40kHz (Rr = 4.12kN + 1%, Cy = O.01uF + 1%, Rp = 0) 
8. Vom = 0 to +5.2V - 
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UC1526A 
; UC2526A 
ELECTRICAL CHARACTERISTICS (+Vin =.15V, and over operating ambient temperature, unless otherwise specified) Ta=Ty UC3526A 


ee UC1526A/UC2526A UC3526A 


Min. | TYP. [MaX. | MIN. | TvP. | MAX. unite 
Sense Voitage Rs <= 500 
Input Bias Current 
: From Pin 7, 100mV Overdrive, 
Shutdown Delay ig Tj = 25°C 


= Pst i 


Error Clamp Voltage RESET = +0.4V A a} 
Cs Charging Current RESET = +2.4V EE oat Ti} 
Output Drivers (Each Output) (Note 10) 
lsource = 20mA 
fsource = 100mMA 
Isink = 2OMA 
Isink = 1OOMA 
Ve = 40V 
Ci = 1000pF (Note 6) 
Cri = 1000pF (Note 6) 


PARAMETER TEST CONDITIONS 


Current Limit Comparator (Note 9) 


HIGH Output Voltage 


| LOW Output Voltage 


Collector Leakage 


Rise Time 


Fall Time 


Cross-Conduction 
Charge 


Power Consumption (Note 1 1) 
Standby Current 
Notes: 9. Vom = 0 to +12V 


10.Ve = +15¥° 
11. +Vin = +35V, Rr = 4.12k0 


Per cycle, Ty = 25°C 


SHUTDOWN = +0.4V 


OPEN LOOP TEST CIRCUIT 
" UC1526A 


€) SHUTDOWN 
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UC1526A 
TYPICAL CHARACTERISTICS UC2526A 
a ; : UC3526A 


Oscillator Period vs R, and C, Output Blanking 
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APPLICATIONS INFORMATION 
Voltage Reference ns 
The reference regulator of the UC1526A is based ona precision 
band-gap reference, internally trimmed to +1% accuracy. The 
Circuitry is fully active at supply voltages above +7V, and provides 
up-to 20mA of load current to external: circuitry at +5.0V- In 
systems where additional current is.required, an external PNP 
transistor canbe used to boost the available current. A ruggéd low 
frequency audio-type transistor should be used, and fead:jengths 
between the PWM,and transistor should be as:short as possibieto 
minimize the: risk of oscillations.. Even so, some types of 
transistors may require collector-base capacitance for stability. 
Up to 1 amp of load current can be obtained with excellent 
regulation if the device selected maintains high current gain. 


et => “May be required 
with some types. 
of transistors 
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Figure 1. Extending Reference Output Current 


GND 


Under-Voltage Lockout 

The under-voltage lockout circuit protects the UC1526A and the 
power devices it controls from inadequate supply voltage. If +Vin 
is too low, the circuit disables the output drivers and holds the 
RESET pin LOW. This prevents spurious output pulses while the 
control circuitry is stabilizing, and holds the soft-start timing 
capacitor in a discharged state. 


The circuit consists of a +1.2V bandgap reference and compara- 
tor circuit which is active when the reference voltage has risen to 
3Vee or +1.8V at 25°C. When ‘the reference voltage rises to 
approximately +4.4V, the circuit enables the output drivers and 
releases the RESET pin, allowing a normal soft-start. The 
comparator has 350mvV of hysteresis to minimize oscillation at 
the trip point. When +Vin to the PWM is removed and the reference 
drops to +4.2V, the under-voltage circuit pulls RESET LOW again. 
The soft-start capacitor is immediately discharged, and the PWM 
is ready for another soft-start cycle. 


The UC1526A can operate from a +5. supply by connecting the 
Vrer pin to the +Vin pin and maintaining the supply between +4.8 
and +5.2V. 


> TO RESET 


TO DRIVER A 
TO DRIVER B 


Figure 2. Under-Voltage Lockout Schematic _ 


es : ’ 


UC1526A 
UC2526A 
UC3526A 


Soft-Start Circuit 

The soft- -start circuit protects the power transistors and rectifier 
diodes from high current surges during. power supply turn-on. 
When supply voltage is first applied to the UC1526A, the under- 
voltage lockout circuit holds RESET LOW with Qs. Q1.is turned on, 
which holds ‘the soft-start capacitor voltage at zero. The second 
collector of Qi clamps the output of the error amplifier to ground, 
guaranteeing zero duty cycle at the driver outputs. When the 
supply voltage reaches normat ‘operating range, RESET will go 
HIGH. Q: turns off, allowing the internal 100A current source to 
charge Cs. Qe clamps the error amplifier output to 1VBe above the 
voltage on Cs. As the soft-start voltage ramps up to +5V, the duty 
cycle of the PWM linearly increases to whatever value the voltage 
regulation loop requires for an error null. 


Veer 


UNDER: 
VOLTAGE Csorreranr 
LOCKOUT I 


Figure 3. Soft-Start Circuit Schematic © 


Digital Control Ports 

The three digital control ports of the UC1526A are bi-directional. 
Each pin can drive TTL and 5V CMOS logic directly, up toa fan-out 
of 10 low-power Schottky gates. Each pin can also be directly 
driven by open-collector TTL, open-drain CMOS, and open- 
collector voltage comparators; fan-in is equivalent to 1 low-power 
Schottky gate. Each port is normally HIGH; the pin is pulled LOW 
to activate the particular function. Driving SYNC LOW initiates a 
discharge cycle in: the oscillator. Pulling’ SHUTDOWN LOW - 
immediately inhibits all PWM output pulses. ‘Holding RESET LOW 
discharges the soft-start capacitor. The'logic threshold is +1.1V at 
+25°C. Noise immunity can be gained at the expense offan-out 
with an external 2K pull-up resistor to +5V. 


SYNC 


©) snuTDOWN 
or 


RESET 


Figure 4. Digital Control Port Schematic 


Oscillator 

The oscillator is programmed for frequency and dead time with 
three components: Rr, Cr and Rp. Two waveforms are generated: 

a sawtooth waveform at pin 10 for pulse width modulation, anda 
logic clock at pin 12. The following procedure is recommended for 
choosing timing values: 

1. With Rp = 02 (pin 11 shorted to ground) select values for Rr 
and Cr from the graph on page 4 to give the desired oscillator 
period. Remember that the frequency at each driver output is 
half the oscillator frequency, and the frequency at the +Vc 
terminat is the same as the oscillator’ frequency. 

2. if more dead time is required, select a larger value of Rp. At 

: .40kHz dead time increases by 400ns/Q: 

3. Increasing the dead time will cause the oscillator frequency 

“to decrease slightly. Go back and decrease the value of Rr 
slightly to bring the frequency back to the nominal design 
value. 

The UC1526A can be synchronized to an external logic clock by 
programming the oscillator to free-run at a frequency 10% slower 
than the sync frequency. A periodic LOW. logic pulse 
approximately 0.54s wide at the SYNC pin will then lock the 
oscillator to the external frequency. 


Multiple devices can be synchronized together by programming 
one master unit for the desired frequency;“and then. sharing its 
sawtooth and clock waveforms with the slave units. All Cr 
terminals are connected‘to the Cr pin of the master, and all SYNC 
terminals are likewise connected to the SYNC pin of the master: 
Slave Rr terminals are left open or connected to Vrer. Slave Ro 
terminals may be either left open or grounded. 


UC1526A 


Q9) 
ii Cr 
Figure 5. Oscillator Connections and Waveforms 


Error Amplifier ee 

The error.amplifier is ‘a transconductance design, with: an output 
impedance of 2MQ..Since all voltage gain takes place.at the 
output pin, the open-loop gain/frequency characteristics can be 
controlled with shunt reactance to ground. When compensated 
for unity-gain stability with 100pF, the amplifier has an open-loop 
pote at-800Hz. 


The input connections to the érror amplifier are determined by 
the polarity of the switching supply output voltage. For positive 
supplies, the common-mode voltage is +5.0V and the feedback 
connections in Figure 6A-are used. With negative supplies, the 
common-mode voltage is ground and the feedback divider is 
connected between the negative output and the +5.0V reference 
voltage,-as shown in Figure 6B. 

: NEGATIVE 


OUTPUT. 
VOLTAGE 


POSITIVE 
OUTPUT © 
VOLTAGE - 


Vour,® Ver (Rit Re R the ) 


GND 


Vour + Ving (£2) 


mee ( Be) a BA) 


R, + Re Ri+ 


Figure 6. Error Amplifier Connections 


UC1526A 

. UC2526A 

Output Drivers UC3526A 

The totem-pole output drivers of the UC1526A are designed to 

source and sink 100mA continuously and 200mA peak. Loads 

can be driven either from the output pins 13 arid J6, or from the 
+Vc, as required. 


Since ‘the bottom transistor of the totem- ‘eoie- i is allowed to 
saturate, there is a momentary conduction path from the +VG 
‘terminal to ground during switching; however, improved design 
has limited this cross-conduction period to less than 50né. 
Capacitor decoupling at Ve is recommended and ‘careful 
grounding of Pin 15 is needed to insure that high peak sink 
currents from a capacitive load do not cause ground transients. 


~~ 


+V SUPPLY © 


TO OUTPUT FILTER 
oan 


RETURN © 
Figure 8. Single-Ended Configuration 


Figure 9. Driving N-Channel Power Mosfets 
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setae - -yc1543 ~UC1544 
[LI] emetiere UC2543 UC2544 


aa UNITRODE | ae —-UC3543 _UC3544 

Power Supply Supervisory, Circuit oie Wee 

FEATURES ote “+ DESCRIPTION - 

© Includes over-voltage, under-voltage, ’ ‘These monolithic integrated circuits contain all the functions necessary to monitor and 
and current sénsing circuits ‘ control the output of a sophisticated: power supply system. Over-voltage (0.V.) sensing 


with provision to-trigger an external SCR “crowbar” shutdown; an under-voltage (U.V.) 
: e b & 

: Liccide ms reds pessias circuit which can be used to monitor either the output or to sample the input line 

a Programmable, me revs voltage; and a third op amp/comparator usable for current sensing (Cit) are all 

© SCR “crowbar” drive of 300mA +. included in this IC, together with an independent, accurate reference generator. 


ries hes activation capepility Both over: and under-voltage sensing circuits can be externally programmed for 


* Optional over-yoltage latch > -2--minimum time duration of fault before triggering. All functions contain open.collector 
_@ Uncommitted comparator inputs for outputs which can be used independently or wire-ored together, and although the SCR 
low voltage sensing trigger is directly connected only to the over-voltage sensing circuit, it may be optionally 
(UC1544 series only)... : activated by any of the other outputs, or from an external signal. The 0.V. circuit also 
a. . includes an optional latch and external reset capability. . 


The UC1544/2544/3544 devices have the added versatility of completely uncommitted 
inputs to the voltage sensing comparators so that levels less than 2.5V-may be: 
monitored by dividing down the internal reference voltage. 


The current-sense circuit may be used with external compensation-as a linear amplifier 
or as a high-gain comparator. Although nominally set for zero input offset, a fixed 
threshold may be added with an external resistor. Instead of current limiting, ttis circuit 
may also be used as an additional voltage monitor. i . 


, “The reference generator circuit is internally trimmed to eliminate the need for external 
potentiometers and the entire circuit may be powered directly from either the output 
being monitored or from a separate bias voltage. ‘ “. 


ABSOLUTE MAXIMUM RATINGS - F CONNECTION. DIAGRAMS 
Input Supply Voltage, Vin ....-------- ivededsteed Pi Steal iSite boca wari eceesieie 40V , 
Sense Inputs, Voltage Range..........-.6--.seeseeeeeeeee ners ee nee ee snetes --..0 to Vin | DIL-16.(TOP VIEW) 
SCR Trigger Current ......... 200 0scceceeeeee ence eee eetensenereeesees eer ~600mA* | JorN PACKAGE ~ 
Indicatof Output Voltage. ..... 
Indicator Output Sink Current. : x scr TRIGGER (1 
Power Dissipation (Package Limitation).........-.---- ik a SY terarsteiavenem ree a semis 1000mW A 
Derate Above 25°C..........0scecceeeeeneeee nec eeeee sents ee eeenenecess® 8.0mW/°C eMere (2 
Operating Temperature Range 
“UC1543, UCIS44 oo... cece csec eee ece sence sence eeeeesereteecees -55°C to +125°C Reser [3 
UC2543, UC2544 0... ee reece cece eee eee e eed om eee 725°C to +85°C OV. INDICATE [4 | - 
UC3543, UC3544 .. 2... eee cece deep eee e eee ee creer seee cnet eee reres 0°C to +70°C 
Storage Temperature Range .........2+-e-esereee eee eeeees peheGidabe a -65°C to +150°C Ov. DELAY [5 
“At higher input voltages, a dissipation limiting resistor, Re, is required. “ov. input [61 
Note: Currents are positive-into, negative-out of the specified terminal. 
: U.V. INPUT 


BLOCK DIAGRAM 


[ 9, 11] U.V. INDICATE DIL-18 (TOP VIEW) 


J or N PACKAGE 


SCR TRIGGER 


REMOTE 
activate [2 


[15] CL. OUTPUT 
OFFSET/COMP 


[1,1 ]S.C.R. TRIGGER OV. NI. INPUT [6 | [13] C.L: N.I. INPUT 


O.V. INV INPUT [12] C.L. INV INPUT 


[4.4 ] ON. INDICATE 
: UV. NL INPUT [8] [Ti] U.V. INDICATE 


U.V. INV INPUT [9] 


OFFSET/COMP [12, 14] (GROUND TO ACTIVATE) 


Note: For each terminal, first number refers to 1543 series, second to 1544 series. 
% On 1543 series, this function is internally connected to Vrer- 4-105 
105: 


: UCT543,. Uci544 
: ; UC2543 “UC2544.. 
; 003543, UC3544° 


' ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply'for Ta = -55°C to +125°C for the UC1543 & 
UC1544; ~25°C to +85°C for the UC2543 & UC2544; and 0°C to +70°C for the UC3543 & UC3544; 
and for Vin = 5 to 35V. Electrical tests are performed. with Vin = 10V and 2kQ pull-up resistors on. 
all indicator outputs. AH electrical ratings and specifications for the UC1544, UC2544 & UC3544 . 
devices are tested with: the invertingover-voltage input and the non-inverting under-voltage input’ 

“externally connected to the.2.5V reference.) Ta=T, , 


UC1543/UC2543 
- UC1544/UC2544 


PARAMETER 


: TEST CONDITIONS: 


Ts = 25°C to Tmax 
Twin to Twax 
Vin = 40V, Outputs Open Tj = 25°C 


Input Voltage Range 
_ Input Voltage“Range 
__- Supply Current... 


Reference Section Twin STS Tax 5, 
Output Voltage Ty = 25°C : 2.45] 2.50 
Output Voltage Over Temperature Range 2.40 
Line Regulation Vin = 5 to 30V 1 
Load Regulation Ince = 0 to 10mA ; 1 
Short Cirewit Current Veer 0° -20 ~40 -12 | -20 
Temperature Stability . 50 50 
eae SCR Trigger Section au 
: Peak Output Current Vin = 5V, Re = 0, Vo = 0 __ | 7100 | -300 | -600 | -100] -300 
Peak Output Voltage Vin = 15V, lo = -100mA 12°} 13 12 | 13 Vv 
Output Off Voltage — Vin = 40V ; ; 0.4.0.1 O.} O1- Vv 
Remote Activate Current R/A Pin = Gnd -0.4 | -0.8 -0.4] -0.8 mA 
Remote Activate Voltage R/A Pin Open 2 6 Cay 6. : 
Reset-Current he “Reset = Gnd, R/A = Gnd . -0.4 | -0.8 -0.4 | -0.8 
Reset Voltage “| Reset Open, R/A = Gnd -| 2 6 2 6 
Output Current Rise Time ; 2 400 | _ 400 
Prop. Delay from R/A Ru = 50, Ty = 25°C, Cp = 0 300 300 A 
Prop. Delay from O/V input 500 500 ns = 


Comparator Sections 
Input Threshoid (Input 
voltage rising on O.V. 
and falling on ULV.) 


Ty = 25°C 2.50 


Over Temperature Range 


Input Hysteresis mv 
‘Input Bias Current Sense Input = OV uA 
[ Delay Saturation ; Vv 
Delay High Level v~ | 
Delay Charging Current Vo =0 uA 
Indicate Saturation us Vv 
Indiéate Leakage “Vino = 40V *F 
; Input Overdrive = 200mV 


' Propagation Delay T, = 25°C 


Current Limit Section 
Input Voltage Range 
Input Bias Current 
Input:Offset-Voltage 

‘Input Offset Voltage 

i CMRR .. 


Oftset Pin Open, Vem = 0 
Offset Pin Open, Vom = 0 
10kQ from Offset Pin to Gnd 
0 < Vom <.12V, Vin = 15V 
Offset Pin Open, Vem = OV 
Ri = 10k to 15k 0 Vout = 1 to 6V 
= 10mA 

Vino = 40V 

Av = 0B, Ty = 25°C __ 
Voverarive = LOOMV, Ty = 25°C 


-AVOL 


Output Saturation 
Output Leakage 

Small Signal Bandwidth 
Propagation Detay 
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DELAY CAPACITANCE — (MICROFARADS) _ Re SERIES GATE RESISTANCE — (OHMS) 


OPEN LOOP VOLTAGE GAIN — (dB) 


SCR Trigger Power Limiting 
ia 


200 


Recommended Series Gate Resistance, Re 
For Use With Higher Supply Voltages 


150 |_pg =H 9 
0.2 


100 


50 


Oo 5 10 15 20 25 30 35 40 
Vin SUPPLY VOLTAGE — (VOLTS) 


Activation Deiay vs 
Capacitor Value 


a 7 


001 01 O1 1.0 10 
DELAY TIME — (MILLISECONDS) 


Current Limit Amplifier Gain 


80 


70 


50 


R; is connected from Offset Pin to Gnd. 
Values of Rr below 5.0kQ may cause 
40 Amplifier Cutoff at -55°C. Al 


100 1k 10k 100k _° 1M 
FREQUENCY — (HERTZ) 


NOTE: : 
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DELAY OUTPUT VOLTAGE — (VOLTS) 


OPEN LOOP 


Vm THRESHOLD VOLTAGE — (mv) 


UC1543 UC1544 
UC2543 UC2544 
UC3543 UC3544 


Comparator Input Hysteresis 


LTT 


Over-voltage Under-voltage 
input Input 


Ny T | 


L 1 | 


2.46 2.48 250 2.50 2.52 2.54 
SENSE INPUT.VOLTAGE — (VOLTS) 


Current Limit Input Threshold 


nwan 


ik 3k 5k 10k = 30k 50k .1M = .3M—sM 
Rr THRESHOLD SETTING RESISTOR — (OHMS) 


Current Limit Amplifier 
Frequency Response 


180 


PHASE ANGLE — (DEGREES) 


Gain Magnitude 
Phase Angie oo oe oe 


1k 10k 100k 1M 5M 
FREQUENCY — (HERTZ) 


UC1543 UC1544 
UC2543 UC2544 
UC3543 UC3544 


APPLICATIONS (Pin Numbers given for UC1543 series devices) 


: Typical Application The values for the external components are deter- 
BIAS SUPPLY mined as follows: 
- 


OUT-OF-TOLERANCE 
E) © inpicaTors Current limit input threshold, Vi = 1000 


FROM POWER SUPPLY 
~ 


1 


C, is determined by the current loop dynamics 


@—|—— to system 
CONTROL 


+ 
Rsc Re 

ee Vin 
Short circuit current, tsc = —~ 
Rsc 


Vin Vo Re 
Peak current to load, |p = (RR) 
3: 


TO VOLTAGE 
CONTROL LOOP 


SCR 
“CROWBAR" 


Low output voltage limit, 
; Meee) e: 25 (Ra + Rs + Re) 
Rs + Re 


High output voltage limit 
Vo igh) t 25 ar Rs + Re) 


Voltage sensing delay, ts = 10,000 Cd 


- SCR trigger power limiting resistor, Re > in 


Sensing Multiple Supply Voltages 
TO SG139 COMPARATORS 


a Sippy 


MAIN 
POSITIVE 
SUPPLY 


TO 
SHUTDOWN 
CIRCUIT 


GROUND PL NS ie eh ee 


MASTER POWER SUPPLY 
-——-—-—~—— CONDITION INDICATOR 


ADDITIONAL 
* POSITIVE 
SUPPLY 


NEGATIVE 
SUPPLY 
VOLTAGE 


Input Line Monitor 


SCR 
“CROWBAR” 


PINS 


OUTPUT 
ON 
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(L] cmeurs | UC1610 


mm UNITRODE | “as . , NesW 
DUAL Schottky Diode Bridge . 


# Monolithic Eight-Diode Array This eight-diode array is designed for high-current, low duty-cycle applications typical of 


- @ Exceptional Efficiency - flyback voltage clamping for.inductive loads. The dual bridge connection makes this 
e Low Forward Voltage device particularly applicable to bipolar driven stepper motors. 
¢ Fast Recovery Time The use of Schottky diode technology features high efficiency through lowered forward 
e High Peak Current voltage drop and decreased reverse recovery time. 
© Small Size 


This single monolithic chip is fabricated in both hermetic cerdip and copper-leaded plastic 
.minidip packages. The UC1610 in ceramic is designed for -55°C to +125°C environments 
~putatty seduced peak current capability; while the UC3610 in plastic has higher current 
rating over a O°C to 70°C ambient temperature range. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage (per diode)..........00eeeeeeeee tees SOV 
Peak Forward Current 
UC1610 ; 1A 
UC3610 
Power Dissipation at Ta = 70°C .....---seeeeeeeee erence ees 1w 
Derate 12.5mW/°C above 70°C 
Storage Temperature Range .....-.----+-+-- -65°C to +150° 
Lead: Temperature (Soldering, 10 Seconds) ........----- 300°C 


CONNECTION DIAGRAM 


“DIL-8 (TOP VIEW) 
N or J PACKAGE 
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--'UE1610 
: UC3610 
ELECTRICAL CHARACTERISTICS (All specifications apply to each individual diode. Ty = 25°C except as noted.) 'TA=Ty 


PARAMETER ; 


TEST CONDITIONS MIN. TYP. 


te = 100mA 


Forward Voltage Drop le =1A 


Leakage Current , Ms : pM Ts = 100°C 01 
Reverse Recovery .5A Forward to .5A Reverse 15 
Forward Recovery 1A Forward to 1.1V Recovery 30 
Junction Capacitance Vr = 5V 70 


Note: At forward currents of greater than 1.0A, a parasitic current of approximately 1OmA may be collected by adjacent diodes. 


Reverse Current vs Voltage Forward Voltage vs Current 

$ cd 

| 1 
e 

Z 5 

i as 

S & 

2 > 

o ts) 

w a 

2 = 

5 z 

2 

0 2 4 6 8 10 12 14 16 18 20 
REVERSE VOLTAGE — (V) FORWARD VOLTAGE — (Vv) 
REVERSE RECOVERY CHARACTERISTIC FORWARD RECOVERY CHARACTERISTIC 
2 Ty = 25°C 
DIODE DIODE 
CURRENT VOLTAGE d DIODE VOLTAGE 
eee oe 
“ov 
DIODE CURRENT 
DIODE 
CURRENT 
500mA/DIV 


0A 


TIME, 2nS/DIV UC1611 FORWARD RECOVERY 
CHI = Vp 
CH2=Ip=1A 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. * P.O. Box 399 * Merrimack, New Hampshire «03054-0399 
Telephone 603-424-2410 « FAX 603-424-3460 4-110 


INTEGRATED 
.|| crrcurra = a aS 


mum UNITRODE 


UC1611 
UC3611 


Quad Schottky Diode Array oO -- 


FEATURES — 1. 
© Matched, Four-Diode Monolithic Array 
@ High Peak Current a 

* Low-Cost MINIDIP;Package 
© Low Forward Voltage 


© Parallelable for Lower Ve or Highetp. 


© Fast Recovery Time 


® Military Temperature Range Available 


: DESCRIPTION , : : 
This four-diode array is designed for general purpose use as individual diodes or as a 
high-speed, high-current bridge. It is particularly useful. on the outputs of high-speed 
power MOSFET drivers where Schottky diodes are needed to clamp any negative 
excursions caused. by ringing on the driven line. ; 
These diodes are also ideally suited for use as voltage clamps when driving inductive 


-Joads such as relays and solenoids, and to provide a path for current free-wheeling in- 


+ 


motor drive applications. 


The use of Schottky diode technology features high efficiency through lowered forwatd 
voltage drop and decreased reverse recovery time. 


This single monolithic chip is fabricated in both hermetic CERDIP and copper-leaded 
plastic MINIDIP packages. The UC1611 in ceramic is designed for —55°C to + 125°C 
environments but with reduced peak current capability: while the UC3611 in plastic, 
has higher current rating over a 0°C to + 70°C ambient temperature, range. 


ABSOLUTE MAXIMUM RATINGS . 
Peak tnverse Voltage (per Diode) ........--..- 052 eee eee 50V 


CONNECTION DIAGRAM 


Diode-to-Diode Voltage........-. 0. cee eeeeee eee eee 1 BOV Be. 
Peak Forward Current “ 
UCIG1 1 se vds oes pelwenkay shape ainetametenseGaineae 1A ; 
UCS614 ssh is Sie See Reser Sede Patesitct ares ats eG 
Power Dissipation at Ta = +70°C.......... ee yahiecuntence s 4wW 
Derate 12.5 mW/°C above +70°C aan ! 
Storage Temperature Range ............. -65°C to + 150°C 
Lead Temperature (Soldering, 10 Seconds) .......-- + 300°C . 


wpe 


PARAMETER .TEST CONDITIONS 
Leakage Current Ma z ad Ty = +100°C i 


oskFonsuwGshneene | |= | 


Note: At forward currents of greater than 1.0A, a parasitic current of approximately 10 mA may be collected by adjacent diodes. 


fom Disp p a 


4111 


Steg, UC1611 
- UC3611 


PA a5 fe ees 
= SON ae oe 


HOA 
Bee 


LEAKAGE CURRENT =(j2A) 
2 9' 


FORWARD CURRENT —(A) 


“9.001 
° 10 20 30 40 50 0 0.2 04 06 08 1.0 1.2 1.4 1.6 1.8 20 
REVERSE VOLTAGE =(V) FORWARD VOLTAGE -(v) 

7 ; 004-2 


TYPICAL APPLICATIONS . “a $2 She woh 
A. CLAMP DIODES - PWMS AND DRIVERS 


wewwwnny 


HIGH SPEED. 
PWM DRIVER 
Le. UC3825 


a] 
4 
! 
i 
' 
' 
! 
{ 
! 
' 
‘ 
1 
‘ 
( 
1 
' 
| 
i) 
i 
' 
’ 
i 
' 


Sooao “Lenn 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. ¢ P.O. Box 399 ¢ Merrimack, New Hampshire ¢ 03054-0399 
Telephone 603-424-2410 ¢ FAX 603-424-3460 
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INTEGRATED 
|| eiIrncurs 


ae UNITRODE 


UC1823 
UC2823 


High Speed PWM Controller 3 ____,UC3823 


FEATURES: 
© Compatible with Voltage or. Current- 
Mode Topologies 


© Practical Operation @ Switching 
Frequencies to 1.0MHz 


@ 50ns Propagation Delay to Output 


@ High Current Totem Pole Output 
(1.5A peak) 


_@ Wide Bandwidth Error Amplifier © 


© Fully Latched Logic with Double-Pulse 
Suppression 


e Pulse-by-Pulse Current Limiting 

© Soft Start/Max. Duty Cycle Control 

e Under-Voltage Lockout with Hysteresis 
© Low Start Up Current (1.1mA) 


© Trimmed Bandgap Reference 
(5.1V +/- 1%) 


BLOCK DIAGRAM 


crock [4 | 
Ry [5] 


crf] 
: “1.28V 
RAMP 
eaout [3}— ~ 
WIDE BANDWIDTH 
ERROR AMP 


error| “(21 p> 
AMP tiny [1] 


SOFT 
- START Ls] 


ILimREF fi] 


DESCRIPTION Bee kt 

The-C1823 family of PWM control ICs is optimized for high frequency switched mode 
power supply applications. Particular care was given to minimizing propagation delays 
through the comparators and logic circuitry while maximizing bandwidth and slew rate 
of the error amplifier. This controller is designed for use in either current-mode or ~ 
valtage mode systems with the capability for input voltage feed-forward. Ba 


Protection circuitry includes a current limit comparator with a 1V threshold, a TTL | 
compatible shutdown port, and a soft start pin which will double as a maximum duty 
cycle clamp. The logic is fully latched to provide jitter free operation and prohibit 
multiple pulses at the output. An under-voltage lockout section with 800mV of hysteresis 
assures low start up current. During under-voltage lockout, the output is high - 
impedance. 


These devices feature a totem pole output designed to source and sink high peak 
currents from capacitive loads, such as the gate of a power MOSFET. The on state is 
defined as.a high level. : 7 é 


PWM LATCH 


(SET DOM.) 


[13] ve 
[14] ouT A - 


: PWR 
GND: ., 


i) “OUTPUT 
INHIBIT" 


O 
“Vaer GOOD” Fig] 8.1 
REF 
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ak UC1823 


: UC2823 
_ UC3823 
ABSOLUTE MAXIMUM RATINGS a CONNECTION DIAGRAM 
Supply Voltage (Pins 15, 13).......0.....cccecceeeee ee. gale wens eu ad eatoeetlie Ay 30V 
Output Current, Source or Sink (Pins 11, 14) DIL-16 (TOP VIEW) 
DO sievits non s cubwbadnaiensdaeeet ce Pagmusanneluedee fesned gevencesbeuneese: 0.5A Jor N PACKAGE 
Pulse (0.5uS) «0.0.0.0 .ccceceecececeeeeee. ane wcidee cetera dt” Lente aah ten 2.0A ; 
Analog Inputs (Pins 1, 2, 7, 8,9)... 00... ..cecceeeeeeeeee ee -0.3V to +6V : Vaer 5.1¥ 
Clock Output Current (Pin 4) 2.0.0... eee cece cette eee -5mA 
Error Amplifier Output Current (PINES) eA sios cena esedide dacdsenecteciten. 4 7 2. SmA 
Soft Start Sink Current (Pin 8) ....... ie5 4 VAS eed oeas VERE bweunce -20mA 
Oscillator Charging Current (Pin 5). aaloe .-5mA 
Power Dissipation at Ta = 60°C ............ccedescsgecsssoreesccccchetecceee ee. .1W 
Derate 11mW/°C for Ta > 60°C P oo 
Storage Temperature-Range ..2...:.0...... Raa Od sisraidisté eters, o weate ; : ~68°C to +150°C 
Lead Temperature (Soldering, 10 seconds) ....... 0.0... cceeeceeeeeccecececec se 300°C 


SOFT START [8 | 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply for Rr = 3.65K, Cr = InF, Veg = 15V, 
0°C < Ta < +70°C for the UC3823, -25°C <Ta < +85°C for the UC2823, and. . 
~55°C < Ta < +125°C for the UC1823.) Ta=Ty : 


piss Uc3823 
PARAMETERS TEST CONDITIONS UNITS 
MIN. | TyP. | MAX. | MIN. | TvP.. | MAX. 


Reference Section 


Output Voltage Tj = 25°C, lo = 1mA 

Line Regulation 10 < Vec < 30V 

Load Regulation mr ft. <lo<10mA 

Temperature Stability* Tin < Ta < Tmax 

Total Output Variation* Line, Load, Temp. 

Output Noise Voltage* 10Hz < f < 10KHz 
- Long Term Stability* Tj = 125°C, 1000 hrs. 

Short Circuit Current Vrer = OV ~100 mA 
Oscillator Section 

Initial Accuracy* T = 25°C 440 KHz 
Voltage Stability* 10 < Vee < 30V 2 [ % | 
Temperature Stability* Tuin < Ta < Tmax 

Total Variation* Line, Temp. = 


‘rock Out High Keren 
Ramp Peak* 


Ramp Valley* F : 25 - i 1.0 1.25 V 
Ramp Valley to Peak* ; : : 0 16 18:.).20 [> Vv 


* This parameter not 100% tested in production but. guaranteed by design. 
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UC1823 
UC2823 
UC3823 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply for Rr = 3.65K, Cr = InF, Veo = ‘15, 
0°C < Ta < #70°C for the UC3823, -25°C < Ta < +85°C for the UC2823, and 
- -§5°C < Ta < +125°C for the UC1823.) TA=Ts 


os aes ppc uc3823 
PARAMETERS TEST CONDITIONS UNITS 
MIN. | TYP. | MAX. MIN. | TYP. | MAX. 
Error Amplifier Section : 


Input Offset Voltage 


Input Bias Current 
Input Offset Current 


1<Vo<4V 7 
1.5 < Vom < 5.5V 
10 < Vcc < 30V 
Vein 3 = 1V 

Vein 3 = 4V 

lpin:3 = -0.5mA 


Open Loop Gain 
CMRR 

PSRR 

Output Sink Current 


Output Source Current 

Output High Voltage 

Output Low Voltage 

Unity Gain Bandwidth* 

Slew Rate* 

[ PWM Comparator Section 

Pin 7 Bias Current 

ioafeeerg ed 
Delay to Output ee ene ba 


Soft-Start Section 
Charge Current 
Discharge Current 
Current Limit/Shutdown Section 


Pin 9 Bias Current — 0< Vpn 9 < 4V . 
Hoes Limit Offset Veww 14 = 1.1V 
Current Limit Common 
Meda Rares (Veers3) ; 1.0 1.25.] 1.0 
Shutdown Threshold 1.25 140 | 1.55 1.25 1.40 
Delay to Output* 50 
Output Section 
0.40 0.2! 
13.0 13.5 
. 12.0 13.0 
UVLO Hysteresis 
Supply Current 


Start Up Current Vec = 8V 11 25 11 25 mA A 
Vein 1, Vein 7, Vein 9 = OV j 
loc — Veee oe 1¥ 22 33 22 33 ma | 


* This parameter not 100% tested in production but-guaranteed by design. 


pin 3 = IMA 


Vein 8 = 1V 


lout = 20mA 
lout = 200mA 
lout = -20mA 
lout = -200mA 
Vc = 30V 

CL = 1nF 


Output Low Level 


Output High Level 


Collector Leakage 
Rise/Fall Time* 
Under-Voltage Lockout Section 
Start Threshold 
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UC1823 PRINTED CIRCUIT BOARD LAYOUT CONSIDERATIONS 


High speed circuits demand careful attention to layout and com- 
ponent placement. To assure proper performance of the UC1823, 
follow these rules. 1) Use a ground plane. 2) Damp or clamp 
parasitic inductive kick energy from the gate of driven MOSFET. 
Don't allow the output pins to ring below ground. A series gate 
resistor .or a shunt 1 Amp Schottky diode at the output pin will 


ERROR AMPLIFIER CIRCUIT « : . 


Av (dB) 


~180 
10M 100M 


10K 100K 1M 
FREQ (Hz). 


PWM APPEICATIONS .- 


* 


Conventional (Voltage Mode) 
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Simplified Schematic 


UC1823 
UC2823 
UC3823 


Serve this purpose. 3) Bypass Vcc, Vc, and Vrer. Use 0. luF mono- 
lithic ceramic capacitors with low equivalent series inductance. 
Allow less than 1 cm of total lead length for each capacitor 
between the bypassed pin and the ground plane: 4) Treat the 
timing capacitor, Cr, like a bypass capacitor. 


ERROR AMP 
OUTPUT 


- Current-Mode 


'switcy ucie2s i 


aL 
ig ag ete 


ia if 1L25v 
[7] 


* A SMALL FILTER MAY BE REQUIRED TO 
SUPPRESS SWITCH NOISE 


OSCILLATOR CIRCUIT 


Deadtime vs C; (3 < Ry = 100K) 


ona? 10 22. 47 100 22 47 100 
Cron) 


ae FAK 
2 INNA 


SYNCHRONIZED OPERATION 


4-117. 


Constant Volt-Second Clamp Circuit 


The circuit shown here will achieve a constant volt-second pro- 
duct clamp over varying input voltages. The ramp generator com- 

~ ponents, Rt and Ca are chosen so that the ramp at Pin 9 crosses 
the 1V threshold. at the same time the ‘desired maximum volt- 
second product is reached. The delay through the inverter must 
be such that the ramp capacitor ‘can be Completely discharged 
during the minimum: deadtime. : 


OUTPUT SECTION 


Simplified Schematic Rise/Fali Time (C, = inf) 


40 80 120 160 200 


lour (A) 
TIME (ns) 


Rise/Fail Time (C, = 10nF) 


INTEGRATED 


cirnculrs alee 
UI ! 823A/2825, 
aa UNITRODE _ UC3623A/3825A 


High Speed PWM Controller 


FEATURES 
(Bold type denotes improved or new features) 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. « P.O. Box 399 « Merrimac! 


Pin For Pin Compatible with the UC1825/UC 1823 
Compatible with Voltage or Current-Mode Topologies 


Practical Operation @ Switching Frequencies to 1MHz °: 


50ns propagation delay to Output 
High Current Dual Totem Pole Outputs (1.54 Peak) 
Wide Bandwidth Error Ampiifier 


Trimmed Oscillator Discharge Current for 
Accurate Frequency & Dead Time Control 


Fully Latched Logic with Double Pulse Suppression 
Soft Start Control 
Pulse by Pulse Current Limiting Comparator 


Latched Over-Current Comparator With Full Cycle 
Restart 


Low Start Up Current—S00uA 

Under Voltage Lock Out—16V On & 10V Off 
Outputs Active Low During UVLO 

Trimmed Bandgap Reference 


Adjustable Blanking For Leading Edge Noise 
Tolerance 


BLOCK DIAGRAM 


ADVANCED PRODUCT INFORMATION 


DESCRIPTION 


The UC1825A & UC1823A families of PWM control ICs are improved versions 
ofthe standard UC1825 & UC1823A families. They are pin compatible with the 
earlier versions. 


Performance enhancements’ have been made to some of the circuit blocks. 
Bandwidth and offset of the error amplifier are improved. The Oscillator 
discharge current is specified for accurate dead time control. Start up current 
is reduced for off-line applications and the UVLO thresholds changed to 16/1 Ov. 
The output drivers are redesigned to actively sink current during UVLO at no 
expense to the start up current specification. 


Functional improvements have been implemented on the UC1825A. The shut 
down comparator is now a high speed comparator with athreshold of 1.2V. This 
comparator sets a latch that ensures full discharge of the soft start capacitor 
before allowinga restart. Inthe event of continuous faults, the soft start capacitor 
is fully charged before discharge to insure that the fault frequency does not 
exceed the designed soft start period. 


The Clock pin on the UC1823/25 is a bidirectional clock- output/blanking-input 
pin. On the A version, it is a high speed Schottky TTL compatible output driver. 
Clock synchronization is achieved by inserting a short pulse in series with the 
timing capacitor. The specified oscillator discharge current will allow controlled 
dead times. 


Aleading edge blanking circuit has been added to the chip to allow for controlled 
duty cycles of 5 to 90%. Zero duty cycle is still a valid operation condition. This 
feature greatly enhances the tolerance of the control chip to leading edge switch 
noise, requiring minimal, if any, filtering on the current sense input. 


Contact the factory for further information. 


2 (1825A)1V — 


ba 86 


Yoo 


1825A ONLY. 


“ yetov 


ano [sa} ———_ 


Telephone 603-424-2410 © FAX 603-424-3460 


«, New Hampshire « 03054-0393 
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INTEGRATED 
CIRCUITS 


aa UNITRODE 


High Speed PWM Controller 


FEATURES 
® Compatible with Voltage or Current- 
Mode Topologies : 


® Practical Operation @ Switching 
Frequencies to 1.0MHz 


© 50ns Propagation Delay to Output 

© High Current Dual Totem Pole Outputs 
(1.5A peak) : 

¢ Wide Bandwidth Error Amplifier 


© Fully Latched Logic with Double Pulse 
Suppression 


© Pulse-by-Pulse Current Limiting 

© Soft Start/Max. Duty Cycte Control 
 Under-Voltage Lockout with Hysteresis 
© Low Start Up Current (1.1mA) 


¢ Trimmed Bandgap Reference 
(5,AV +/- 1%) 


BLOCK DIAGRAM 
CLOCK | 4 | 
Rr [5] 


&[6] 


1.25V 


RAMP 


E/AouT [3] 


WIDE BANDWIDTH 
ROR AMP 


error| \! [2] > 
AMP: tiny [7}— 


SOFT 
START [8] 


tun[o] 


UC1825 
UC2825 
UC3825 


DESCRIPTION 


The UC1825 family of PWM contro! ICs is optimized for high frequeacy switched mode 
Power supply applications. Particular care was given-to minimizing propagation delays 
through the comparators and logic circuitry while maximizing bandwidth and slew rate. 
of the error amplifier. This controller is designed for use in either current-mode or 
voltage mode systems with the capability for input voltage feed-forward. 


Protection circuitry includes a current limit comparator with a 1V threshold, a TTL 
compatible shutdown port, and a soft start pin which will double asa maximum duty 
cycle clamp. The logic is fully latched to provide jitter free operation and prohibit 
multipie pulses at an output. An under-voltage lockout section with 800mV of hysteresis 
assures low start up current. During under-voltage lockout, the outputs are high 
impedance. 


These devices feature totem pole outputs designed to source and sink high peak 
currents from capacitive loads, such as the gate of a power MOSFET. The on state is 


defined as a high level. 


[23] Vo 


[11] OUT A 


124] OUT B 


PWR 
U2] GND 


| “OUTPUT 
INHIBIT" 


5.1V¥ 
Le] er 
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ABSOLUTE MAXIMUM RATINGS . CONNECTION DIAGRAM 


Supply Voltage (Pins 15, 13)........ 0.28 cece ce cece eee betas Rees Gata ow eave beaites 30V : 
Output Current, Source or Sink (Pins.11, 14) Sh DIL-16 (TOP VIEW) 
DO acca aes Ataiceatecch io tukoeestieaeesaaebetagdesiantosteeases 0.54 | JorN PACKAGE 

Pulse:(O:5 pS) oes seis sce 00d bec tees slow ed cin dS atinine viewe VEsin eve sls daesTensice ese wes 2.0A 
Analog Inputs : 

(PinS 1-2, 7) nadie cee b ee ee Gotes waseneh topic ees ames tes esecie deities 

(Pin 9, 8)........... 4 fa Like fou REIN GERDA AES Soy ONT ERE DN OY OS ee ae 
Clock Output Current (Pin 4) .......... 2 cece cece cece eee ee ee oe ere nee ener ee 
Error Amplifier Output Current (Pin 3)...........-.s esses eee e ence eee e ee eeeneeneee 
Soft Start Sink Current (Pin 8) ............s.2-e-ee eee wake arowsholeree : 
Oscillator Charging Current (Pin 5).......... Sighted pce oder seen ess 
Power Dissipation at Ta = 60°C 2.20... 2. cece cece cece eet e cece net eneneeneeees 

Derate 11mW/°C for Ta > 60°C 
Storage Temperature Range ............ cece cece cece eee cece ceerene 
Lead Temperature (Soldering, 10 seconds) ............eeeceeet eee ceeeceeceeeeee 
NOTE: Ail voltages are with respect to ground, Pin 10. 

Currents are positive into the specified terminal. 


[9] ILIM/S.D. 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these-specifications apply for Rr = 3:65K, Cr = InF, Vcc = 15V, : 


* 0<Ta < 70°C for the UC3825, -25°C < Ta < 85°C for the UC2825, and ~55°C <.Ta < 125°C for 
the UC1825.) Ta=Ty ag : 


uc3825 
~ PARAMETERS 


Reference Section 
Output Vltage 


Tin < Ta < Tax : 
Total Output Variation* Line, Load, Temp. 


Output Noise Voltage* 10Hz < f < 10KHz 
Long Term Stability* Tj = 125°C, 1000 hrs. 


Short Circuit Current : 
Oscillator Section 


Clock Out High 


Clock Out Low 


* This parameter not 100% tested.in production but guaranteed by design. 
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ELECTRICAL CHARACTERISTICS (Uniess otherwise noted, these specifications apply for Rr = 


0 <Ta < 70°C for the UC3825, 
~ the UC1825.) Ta=Ty 


UC1825 
UC2825 
UC3825 


3.65K, Cr = InF, Vee = 15V, 


~25°C < Ta < 85°C for the UC2825, and -55°C < Ta < 125°C for 


PWM Comparator Section 
Pin 7 Bias Current 
Duty Cycle Range 
Pin 3 Zero D.C. Threshold 
Delay to Output* 
Soft-Start Section 


Vein 7 = OV 


Tucisas 
PARAMETERS TEST CONDITIONS UC2825 | : ree UNITS 
MIN. | Typ. | MAX. | MIN. | Typ. | MAX. | 
Error Amplifier Section | 
Input Offset Voltage f. 10 15 mV 
Input Bias Current 0.6 3 0.6 3 uA 
Input Offset Current [01 1 0.1 yA 
Open Loop Gain 1<Vo<4V 60 95 60 zi 95." dB, 
CMRR 1.5 <Vom <5.5V 75 95 ‘i 75 95 dB 
PSRR 10 < Voc < 30V 85 lio [_ a5 | 110 dB 
Output Sink Current Vein 3 = 1V 1 a 2.5 He 1 2.5 Al 
Output Source Current Vein 3 = 4V -0.5 -1.3 -0.5 -1.3 mA 
Output High Voltage lein 3 = -0.5mA 4.0 4.7 a 5.0 4.0 4.7 5.0 Vv - | 
Output Low Voltage lpin 3 = lmA 0 0.5 1.0 (6) 0.5 10° Vv 
Unity Gain Bandwidth* 3 55 [ 3 5.5 MHz 
Slew Rate* i 6 12 6 12 V/s 


Charge Current Vein 8 = 0.5V 
* Discharge Current Vein 8 = 1V 
Current Limit/Shutdown Section : 
Pin 9 Bias Current 0<Vpin 9 < 4V “| #15 “7 #10 | yA 
L Current Limit Threshold ; 0.9 1.0 I. 1.1 0.9 1.0 { 11 Vv . 
Shutdown Threshold E| 125 | 140 | 155 | 125 | 140 | 1.55 Vv 
Delay to Output* 50 80 50 | 80 ns 
Output Section ; a 
| lour = 20mA : 0.25 | 0.40 0.25 | 0.40 
Output Low Level lour = 200mA 12 | 22 12 | 22 - | 
ie lour = -20mA 130 [ 135 | 13.0 | 135 { 
SPpen Heh evel [ tour = -200mA 120 | 130 12.0 | 13.0 ¥ 
Collector Leakage Ve = 30V 100 Tq 500 100 r 500 uA__| 
Rise/Fall Time* CL = Inf 30 | 60 [| 30 | 60 ns | 
Under-Voltage Lockout Section 
Start Threshold 88 9.2 9.6 8s | 92 9.6 vi 
| UVLO Hysteresis 04 | os [| 12 | 04 “| 08 12 V 
| Supply Current a 
Start Up Current Veo = 8V 11 | 25 11 25 mA 
loc sa et 7, Vein 9 = OV | 22 | 33 22 33 i | 


* This parameter not 100% tested in production but guaranteed by design. 
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UC1825 PRINTED CIRCUIT BOARD LAYOUT CONSIDERATIONS 


High speed circuits demand careful attention to layout and com- 
ponent placement. To assure proper performance of the UC1825, 
follow these rules. 1) Use a grdund plane. 2) Bamp or clamp 
parasitic inductive kick energy from the gate of driven MOSFETs. 
Don't allow the output pins to ring below ground. A series gate 
resistor or a shunt 1 Amp Schottky diode at the output pin will 


ERROR AMPLIFIER CIRCUIT 


uc1825 
UC2825 
UC3825 


serve this purpose. 3) Bypass Vcc, Vc, and Vrer. Use 0.1 uF mono- 
lithic ceramic capacitors with low equivalent series inductance. 
Allow. léss than 1 cm of total lead length for each capacitor, 
between the bypassed pin and the ground plane. 4) Treat the 
timing capacitor, Cr, like a bypass capacitor. 


Simplified Schematic 


Unity Gain Slew Rate 


100 1K 10K 100K 1M 10M 100M 
FREQ (Hz) 


PWM APPLICATIONS 


Conventional (Voltage Mode) . 


Current-Mode 


l : os Muc1e2s 
“yl 


1.25V 


* A SMALL-FILTER MAY BE REQUIRED TO 
SUPPRESS SWITCH NOISE 


UC1825 


UC2825 
UC3825 
OSCILLATOR CIRCUIT 
. a es "..Deadtime vs C; (3 < Rr < 100K) | 


047 10 22 47 100 22 47 100 
Cy (nF) 


* Deadtime vs Frequency 


10K 
Ry (OHMS) 
1K . 
100 1K 10K 100K iM 10K 100K IM 
FREQ (Hz) FREQ (Hz) 
» SYNCHRONIZED OPERATION 
Two Units in Close Proximity: | 
T ucrezs | T Ye1s25 | 
cLock CLOCK 


{16] Vaer 


| 
| 
i 
| 
; ae [5] Rr 
| 
| 
I 


ucis25 | 


VReF 


Cy 
MASTER ER | 


[7 
| 
| 
l 
| 
| 
I 
|- 
LM 
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UC1825 
UC2825 
UC3825 


FEED FORWARD TECHNIQUE FOR OFF-LINE VOLTAGE MODE APPLICATION |. 


Constant Volt-Second Clamp Circuit 


The circuit shown here will achieve a constant volt-second pro- 
duct clamp over varying input voltages. The ramp generator com- 

. ponents, Rr;and.Cr are chosen so that the ramp at Pin9 crosses 
the 1V threshold at the same time the desired maximum volt- 
second product is reached. The delay through the functional nor 

block must be such that thé ramp capacitor can be completely 

-’ discharged during the minimum deadtime. 


OUTPUT SECTION 


; | tie/Falt Tne (= 1805 “ 
aw Cees 
Beare 


ae url) 
TIME (ns) - rr ae 


2] __ Riso/Fall Time (C_ = 100) 
34 < La) es 
0 


0 
~- 100 200 300° 400° 500 ~~ 
TIME (ns) 


“4-425. 


oa 


OPEN LOOP LABORATORY TEST FIXTURE aia : SE ae ie 


This test fixture is, useful for.exercising many of the UC1825’s “AS with any wideband cirduit,“Caretul grounding’ and bypass 
functions and measuring their specifications. procedures ‘should’ bé followed. The use of a’ groutid plané-is 


highly recommended. | — 


DESIGN EXAMPLE: 50W, 48V to 5V DC TO DC CONVERTER — 1.5MHz CLOCK FREQUENCY 


i 


Unitrode Integrated Circuits Corporation 


7 Continental Boulevard.-* P:O. Box 399. Merrimack, New Hampshire ° 03054-0399 : : 
~ Telephone 603-424-2410 FAX 603-424-3460 
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iNtore UC1832 UC1833 
rad UC2832 UC2833 
a UNITRODE 4 Bees _. UC3832 UC3833 


Precision Low Dropout Linear Controllers 


PRELIMINARY 


FEATURES DESCRIPTION *: 


© Precision 1% Reference The UC1832 and,.UC1833 series of precision linear regulators include all the control 
functions required in the design of very low dropout linear regulators. Additionally, they 
feature an innovative duty-ratio current limiting technique which provides peak load 
capability while limiting the average power dissipation of the external pass transistor during 


® Over-Current Sense Threshold Ac- 
curate to 5% 


© Programmable Duty-Ratio Over-Cur- fault conditions. When the load current reaches an accurately programmed threshold, a 
rent Protection gated-astable timer is enabled, which switches the regulator's pass device off and on at an 
© 4.5V to 36V Operation externally programmable duty-ratio. During the on-time of the pass element, the output 


current is limited to a value slightly higher than the trip threshold of the duty-ratio timer. The 


* 100mA Output Drive, Source or Sink constant-current-limit is programmable on the UCx<32 to allow higher peak current during 


° Under-Voltage Lockout the on-time of the pass device. With duty-ratio control, high initial load demands ‘and short 
Additional Features of the UC1832 series: circuit protection may both be accommodated without extra heat sinking or foldback current 

ditional Features of the UC1832 series: initing, additionally, ifthe timer pin is grounded, the duty-ratio timer is disabled, and the IC 
* Adjustable Current Limit to Current _ Operates in constant-voltage/constant-current regulating mode. ; 

Sense Ratio These IC’s include a 2 Volt (1%) reference, error amplifier, UVLO, and a high current driver 
® Separate +Vin terminal that has both source and sink outputs, allowing the use of either NPN or PNP external pass 
* Programmable Driver Current Limit transistors. Safe operation is assured by the inclusion of under-voltage lockout (UVLO) and 

7 thermal shutdown. - 
© Access to Vrer and E/A(+) ice ? d . can se a opeiatods 
- The UC1833 family includes the basic functions of this design in a low-cost, 8-pin mini-dip 


Logic-Level Disable Input package, while the UC1832 series provides added versatility with the availability of 14 pins. 


Packaging options include plastic (N suffix), or ceramic (J suffix). Specified operating 
temperature ranges are: commercial (0°C to 70°C), order UC3832/3 (N or: J);-industrial 
(-25°C to 85°C), order UC 2832/3 (N or J); and military (-55°C to 125°C), order UC1832/3J. 
Surface mount packagingis also available, please consult the factory for further information. 


BLOCK DIAGRAM CONNECTION DIAGRAMS: 


DIL-14 (TOP VIEW) UC1832 


-UC2832 
J or N Package "UC3832 


+Vin CURRENT SENSE (+) 

COMP/SHUTDOWN CURRENT SENSE (-) 
E/A (+) TIMER RC 

+2V REF : 

GND 


LOGIC DISABLE 


UMIT 


DIL-8 (TOP VIEW) ; UC1833 
Jor N Package UC2833. 


UC3833 


+Vin & C/S(+) 0 
COMP/SHUTDOWN [2] 
~~ @ND 


[8] CURRENT SENSE (-) 
[71 TIMER RC 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage +Vin 2 ee eee ee: 40V 
Driver Output Current (Sink or Source) ..........., 450mA 
Driver Sink to Source Voltage 2... ll, 40V 
TRC PinVoltage ...........,....0.0., -0.3V to 3.2V 
Other Input Voltages .. 2.1.2... .00000,., 0.3V to+Vin 
Operating Junction Temperature (note2) ..... ~55°C to +150°C 
Storage Temperature... 2... 65°C to +150°C 
Lead Temperature (Soldering, 10Seconds) ........., 300°C 


NOTE 1: Unless otherwise indicated, voltages are referenced to groundand * 
‘Currents are positive into, negative out of, the specified terminals a 


NOTE 2: Consult Unitrode integratéd Circuits databook packaging 
information section for information regarding thermal specifications and 
limitations of packages. 


~ UC1832 UC1833 
UC2832 UC2833 
UC3832 UC3833 


* Unless otherwise stated, specifications hold for TA = 0°C to 70°C for the UC3832/3, -25°C to 85°C for the 


TRC pin = OV 


CHARACTERISTICS: UC2832/3, and -55°C to 125°C for the. UC1832/3, +Vin = 15V, Driver sink = +Vin, C/S(+) voltage = +Vin TA=T]. 
PARAMETER ' | TEST CONDITIONS MINIMUM TYPICAL MAXIMUM |UNITS ; 
Input Supply .. 
+Vin = 6V : 6.5 10 mA - 
Supe Samet +Vin = 36V ; me 9.5 15 mA 
to, wh, Logic Disable = 2V (UCxx32 only) * 3.3 : mA 
[Reterence Section : ; mie 
Output Voltage (Note 3) Tj = 25°C, IDRIVER-=10mA eA 1.98 2.00 
over temperature, IDRIVER =10mA 1.96 2.00 
I Load Regulation (UCxx32 only) lout = 0 to 10mA -10 -5.0 
[Line Regulation _ | +Vin = 4.5 to 36V, IDRIVER = 10mA 0.033 
Under-Voltage Lockout Threshold : 3.6 
leale Disable Input (UCxx32 only) : 
Threshold Voltage . 1.3 1.4 1.5 Vv 
[input Bias Current Pin 6 = OV -5.0 -1.0 yA 
Current Sense Section j 5 
Comparator Offset 95 100 105 mV 
Amplifier Offset (UCxx33 only) 110 135 160 mv 
lasiea: Offset Vadj = Open 110 135 160 mV 
(UCxx32 only) Vadj = 1V 180 235 290 
: — Vadj = OV 250 | 305 | 360 | =m | 
Input Bias Current Vem = +Vin 65 100 135 nA 
Input Offset Current (UCxx32 only) Vem = +Vin -10 10 nA 
Amplifier MRR (UGia2 only) |Vem=4.1V to +Vin#0.3V 80 dB 
Transconductance loomp = +t00UA 65 mS 
Vadj Input Current (UCxx32 only) Vadj = 0V ~-10 -1 | | a | 
Timer - 
Inactive Leakage Current Re ny = +Vin, 0.25 1.0 WA 
Active Pullup Current C/S(+) = +Vin,C/SC) = +Vin-0.4V; 345 -270 -210 WA 
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a UC1832 UC1833 


UC2832 UC2833 
UC3832 UC3833 
ELECTRICAL Unless otherwise stated, specifications hold for Ta. =.0°C to.70°C for the UC3832/3, -25°C to 85°C for the 
CHARACTERISTICS: mo and -58°C to 125°C for the UC1832/3, +Vjn = 15V,-Driver sink = +Vin: eM) voltage = *Vin 
PARAMETER [rest CONDITIONS [Minimum [recat | MAXIMUM [units 
Timer (Continued) : 
| Duty Ratio (note 4) ontime/period, Rt = 200k, Ct = .27uF 4.8 % 
| Period (notes 4,5) ; ontime+offtime, Rt = 200k, Ct = .27uF 36 msec 
Upper Trip Threshold (Vu) 1.8 a 
Lower Trip Threshold (VI) 0.95 Vv 
Trip Threshold Ratio vu 2.0 VN 
Error Amplifier te 
Input Offset Voltage (UCxx32 only) _ Vem = Vcomp = 2V -8.0 * 8.0 mv 
Input Bias Current Vom = Vcomp = 2V +45 1.1 uA: 
| input Offset Current (UC»2 only) -|Vem = Vcomp = 2V -1.5 1.5 WA 
AVOL . . Veomp = 1V to 13V 50 70 : dB 
[CMRR (UCxx32 only) Vem = OV to +Vin-3V 60 80 dB 
PSRR (UCxx32 only) Vem = 2V, +Vin = 4.5 to 36V 90 dB 
Transconductance Icomp = #10pA 4.3 mS 
VOH \comp = 0, Voits below +Vin 95 1.3 Vv 


Source Voltage 
Le 


Isource = 100uA ~ 


IOL 
° Voomp = 2V, C/S(-) = +Vin-0.4V 2 6 mA 
Driver 
Maximum Curren Driver Lienit & Source pins common, 230 300 400 mA 
Tj = 25 Cc 
Over Temperature 100 .). 300 450 mA. 
Driver Limit to Source voltage at 
Limiting Voltage current fimit, lsounce =-10MA 72 ve 
’ Ty=25°C (Note 6) 
Internat Current Sense Resistance Ty=25°C (Note 6) 2.4 ~ ohms 
Pull-Up Current at Driver Sink Compensation/Shutdown = 0.4V ; 800 -300 100 WA 
Driver Sink = +Vin-— 1V ; 
Pull-Down Current at Driver Source Compensation/Shutdown = 0.4V 150 300 700 uA 
.Briver Source = 1V : 
Saturation Voltage Sink to Source Driver Source=0V 15 V 
Driver Current = 100mA i 
Maximum Source Driver Sink = +Vin, 
. Voltage _ Driver Current = 100mA, 3.0 Vv 
Volts below +Vin 
+Vin = C/S(+) = C/SE) = 2.5V, 
UVLO Sink Leakage Driver Sink = 15V, 25 WA 
Driver Source = OV, TA = 25°C 
Maximum Reverse Compensation/Shutdown = 0V 1.6 Vv 
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UC1832 UC1833 
Sed UC2832 UC2833 
ye ee UC3832 UC3833 


PARAMETER _ * | TEST CONDITIONS _-. « [MINIMUM |TYPICAL |MAXIMUM | UNITS 
Driver (Continued) ; Z 
; “{+Vin = open circuit, oo. . 1.0 10 uA 
ICEO Driver Source = OV 
Driver Sink = 36V 
Thermal Shutdown 160 °C 


‘NOTE 3: On the UCxx33 this voltage is defined.as the regulating level at the error amplifier inverting input, with the error amplifier 
driving VsQuURCE to 2V. 


NOTE 4: These parameters are first-order supply-independent, however both may vary with supply for +Vin less than about 4V, 
This supply variation will cause a slight change in the timer period and duty cycle, although a high off-time/on-time 
ratio will be maintained. © 


NOTE 5: With recommended Rt value of 200k, Tog ~ PyCy*In(Vu/V) +10%. 
NOTE 6: The internal current timitng voltage has a temperature dependence of approximately —2.0mV/°C, or -2800ppm/"C. 


The internal 2.4 ohm sense resistor has a temperature dependance of approximately +1500ppm/C. 


‘APPLICATION AND OPERATION INFORMATION 


NPN PASS (LOCAL 100mA REGULATOR) PNP PASS (LOW DROP-OUT REGULATOR) 
(UCxx33) (UCxx33) 


NPN PASS (MEDIUM POWER, LOW DROPOUT 
REGULATOR) 
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UC1832 UC1833 
UC2832 UC2833 
UC3832 UC3833 


APPLICATION AND OPERATION INFORMATION (continued) © - 


ESTIMATING MAXIMUM LOAD CAPACITANCE, 


"UCxx32/xx33 TIMER FUNCTION 


Forany.power supply, the rate at which the total output capacitance IMJERWAL 
can be charged depends onthe maximum output current available - . 3 : 
andon the nature of the load. For a constant-current current-limited rong fF Ebine 


power supply, the output will come up.ifthe load asks for tess than 
the maximum available short-circuit limit current. 


To guarantee recovery ofa duty-ratio current-limited power supply 
froma short-circuited load condition, thereis amaximum total output 


capacitance which can be charged for a given unit ON time: The -- 


design value of ON time can be adjusted by changing the timing 


TRC_PIN 
To E/A 
‘ ; SHUTDOWN: 
cr 
1.6V/0.95¥ 


capacitor. Nominally, TON = 0.693 x 10k x CT. 


. ‘Typically, the:IC regulates output current to a maximum of 
Imax = K x Ith, where: * : 
Ith is the timer trip-point current, 
K = Current Sense Amplifer Offset Voltage 


; : 100mV 
==1,35 for UCxx33, is variable from 1.35 to 3.05 with . 


Vadj on UCxx32. =“ 


For a worst-case constant-current load of value just less than Ith, 
Cmax can be estimated from: : 


Cmax = ((K-1) Ith) (TON): 
where Voyt is the nominal regutator output voitage. 


For a resistive load of value RL, the value of Crna, can be estimated 
* from: 


f 


CUCKX32 
see note 


qely 


TO TIMER .. TO E/A 
INPUT’ OVERRIDE 


Note: Vos = 35mvV for UCxx33 
Vos = 205 to 35mV for UCxx32 4 


UCxx32/UCxx33 CURRENT SENSE 


TON A oe INPUT CONFIGURATION 


Current Sense Amplifier Offset Voltage ~ 


tmV¥) 


Vo (nom) 
OUTPUT 


OFFSET VOLTAGE - 


0.00 0.25 0.50 °0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 


| 2ree $20 ten | toe] ton] f= a 


Load current, timing capacitor voltage, and output 
voltage of the regulator under fault conditions. 


Pa 


Vadj (Pin 11 — UCxx32 only) — (V) 


Unitrode Integrated Circuits Cérporation 7 : a 
7 Continental Boulevard. © P.O. Bax:399 ® Merrimack, New Hampshire « 03054-0398 ~ 
> Telephone 603-424-2410 © FAX 603-424-3460 4 x 
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INTRORATED UC1834 


aa UNITRODE | eet 

High Efficiency Linear Regulator: ae 

FEATURES ee DESCRIPTION ; 

® Minimum Vin - Vour less. than 0.5V at 5A The UC1834 family of integrated circuits is optimized for the design of low input-output 
load with externa) pass device » differential linear regulators. A high gain amplifier and 200mA sink or Sourée drive 

¢ Equally usable for either positive or outputs facilitate high output current designs which use an external pass device. With’ 
negative regulator design both positive and negative precision references, either polarity of regulator.can be 


* Adjustable low threshold current sense implemented. A current sense amplifier.with a iow, adjustable, threshold can be used to 


- amplifier sense and limit currents in either the positive ornegative supply lines. : 

¢ Under and over-voltage fault alert with In addition, this series of parts has a fault monitoring circuit which senses both under 

> Programmable delay : and over-voitage fault conditions. After a user defined delay for transient rejection, this 

© Over-voltage fault latch with 100mA . Circuitry provides a fault alert output for either fault condition. In the over-voltage case, 

crowbar drive output a 100mA crowbar output is activated, An over-voltage latch will maintain the crowbar 
output and can be used'to shutdown the driver outputs. System control to the ‘device’, 
can be accommodated at a single input which-will act as both a supply reset and 
remote shutdown terminal. These die are protected against excessive power dissipation . 
by an internal thermal shutdown function. - 
_ ABSOLUTE MAXIMUM RATINGS (Note 1) : CONNECTION DIAGRAM 
Input Supply Voltage, Vinw oo... kee e cece c es eeceensesaeeebseeeesecessce. 
Driver Current ....... ene ieee sa peee dae suites H DIL-16 (TOP VIEW) 


J or N PACKAGE 


Driver Source to Sink Voltage 
Crowbar Current 


Fault Alert Voltage so... 0.0. c ccc cece eee ccececeeeeeecee 

» Fault Alert Current... 00... o ccc ecsec ene cceeeeeenseesne ec 15mA Vo? [16]: CROWBAR GATE 
Error Amplifier Inputs ....... ‘ .. ~0.5V to 35V b- OV. LACH ; 
Current Sense Inputs ........ ‘ seeeee, ~O0.5V to 40V "-2.0v REF. [2 18) OUTPUT/RESET 


0.V. Latch Output Voltage hla esee eas Os ‘-0.5V to 40V. -}. +1'5v rer. [3] ira} Soro WhE 
O.V. Latch Output Current oo... ce ceg enc cc eect er eetecueccecceecce, 15mA THRESHOLD 
Power Dissipation at'T, = 25°C. apes ates a veveceete. 1000mW apy. [4] }i3] DRIVER SOURCE 
Derate at 1OmW/°C above Ts = 50°C Vw [5 DRIVER SINK 
Power Dissipation at To = 25°C 20.0... occ ec cc ccec ene eseteceececccceee 2000mw : f 
Derate at 16mW/°C above Tc = 25°C SeNse- [6] 11] FAULT DELAY 
Thermal Resistance, Junction to Ambient ...............0c0ccec000-. . 100°C/W SENSE+ [7 0] FAULT ALERT 
Thermal Resistance, Junction to Case : 60°C/W = 
Operating Junction Temperature -55°C to +150°C N. INV. INPUT [8 | 19 | INV. INPUT 
Storage Temperature aS <1 OF CoE S1=1 01 OF : 
Lead Temperature (soldering, 10 SOECONS) 0.605. ba ve uenied vedo ce ebevuw vous 300°C 


Note: 1. Voltages are reference to Vin, Pin 5. 
Currents are positive into, negative out of the specified terminals. 


BLOCK DIAGRAM -. 


[12] DRIVER SINK 


20 ; 
[13] DRIVER SOURCE 


DELAY RESET LATCH 


[15] 0.V. LATCH & RESET 


COMPENSATION/SHUTDOWN 
——{11] FAULT DELAY 


110] FAULT ALERT | 


3 

N 5 
THERMAL 

THRESHOLD ADJUST [4 | SHUTDOWN 
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UC1834 
UC2834 
. UC3834 


« 


ELECTRICAL CHARACTERISTICS (Uniess otherwise stated, these specifications apply for T, = -55°C to +125°C for the-UC1834, 
: i 2 ~25°C to +85°C for the UC2834;'and 0°C to +70°C for the UC3834; Viv = 15V, Vin = OV.) Ta=TJ 


UC1834/UC2834 


PARAMETER “TEST CONDITIONS 


Standby Supply Current 


+1.5 Volt Reference. . 
T= 25°C 
Output Voltage TrnoneS 1) = Trans 
Line Regulation _.| Vin’ = 5 to 35V 
.. Load Regulation — “| four = 0 to 2mA 
~2.0 Volt Reference (Note 2) 
Output Voltage’ T= 25°C Vv 


(Referenced to Vin") Treats = Tsooe: 


Vin’ = 5 to 35V 


Line Regulation 
Output Impedance 


Error Amplifier Section 
Input-Offset Voltage Vom = 1.5V 
Input Bias Current Vow = 1.5V 
Input Offset Current Vom = 1.5V 


. _ | Output @ Pin 14, Pin 12 = Vin? 
Small Signal Open Loop Gain Pin 13, 209 to Vin” 


Vem = 0.5 to 33V, Vin” = 35V 
| PSRR | Ww = Sto 35V, Vew = 1.5V 
Driver Section 


Output Leakage ‘Current Pin 12 = 35V, Pin 13 =Viw ,Pinl4=Vin_ 


Shutdown Input Voltage 
at Pin 14 


Shutdown Input Current 
at Pin 14 # 


. Thermat Shutdown (Note 3) 
Fault Amplifier Section 


Fault Threshold : 
Fault Delay 

Fault Alert Output Current —— 
Fault Alert Saturation Voltage | four =1mA 

0.V. Latch Output Current 


O.V. Latch Saturation Voltage 


O.V: Latch Output 
Reset Voltage 


Crowbar Gate Current. 


Crowbar Gate 
Leakage Current 
Note: 2. When-using both the 1.5V and -2.0V references the current out of Pin 3 should be balanced by an equivalent current into Pin 2. The -2.0V 


+ output will change -2.3mV per yA of inbalance. 
3. Thermal shutdown turns off the driver. If Pin 15 (0.V. Latch Output) is tied to Pin 14 (Compensation/ Shutdown), the 0.V. Latch will be reset. 


gq 
o 


Ww ol 


~ 
_ . a I 


lour < 100pA, Pin 13 = Vin, Pin 12 = Vin” 


Pin 14 = Vin", Pin 12 = Vin, 


lour = -100yA, Pin 13 = Vin ae 


° 


3 


Vom = 1.5V, @ E/A Inputs 


Vint = 35V, Vom = 1.5 to 33V 
Vem =1.5V, Vin’ = 5 to 35V 


ceo 
oO|a 
On ie! 
ele 
NO 
raps 
<[< 


lour = LmA 


is 

; o|* 
= 
Ww 


Vw’ = 35V, Pin 16 = Vin 
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UC1834 
U€2834 
UC3834 


ELECTRICAL CHARACTERISTICS (Unless otherwise Stated, these specifications apply for Ta = -55°C to +125°C for the UC1834; : 
ae ~25°C to +85°C for the UC2834;-and 0°C to:+70°C for the UC3834; Vin” = 15V, Vin “= OV.) Ta=Ty 


a 


Current Sense Amplifier Section ' 
q 7 = + . 
Thirestibld Voltas Pin 4 Open, Vow = Vin" oF Viv 130 170 | 120 | 150 { 180] 
_| Pin 4 = O8V, Vew = Vin® oF Vin | 40 [50 | 60 | 30 | 50 | 70 
Threshold Supply Sensitivity | Pin 4 Open, Vom= Vw Vm =5to35V] | -0.1 | es 
Adj. Input Current ___{ Pin4 = 0.5v : | -2 | 


|. -0.3 | 

: | 2 [10 | 
Sense Input Bias Current A | 200 | 

| aenciemcne Heo 


- 


Current Sense Threshold Adjustment : : Current Limiting Knee Characteristic | 


200 200 


UPPER LIMIT 


uc1834/ 2834 
UC3834 


a 
ra) 


ran 
y 
“oO 


8 


COWER LIMIT. 

Hl 
UC1834/2834 
UC3834 


(REFERENCED TO INV. INPUT) 


40 


" CURRENT SENSE THRESHOLD — mv 
OFFSET VOLTAGE AT ERROR AMP. INPUTS — mV 


* 0 7 
0 5 10 15 — >1.5V OR OPEN 10 -75 -5.0 -2.5 CURRENT SENSE 
; _ THRESHOLD 
VOLTAGE AT THRESHOLD ADJUST PIN (PIN 4) — V DIFFERENTIAL VOLTAGE AT CURRENT SENSE INPUTS — mV 
: : (REFERENCEO TO SENSE — INPUT) 
Error Amplifier Gain and Phase ‘ Current Serise Amplifier Gain and Phase. 
Frequency Response - Frequency Response 
80 - 7 100 - 
‘QUTPUT AT PIN 14 > OUTPUT AT PIN 14 
WITH 820pF TO-GND. wit S200 TOGND. | 
T)= 25°C : ie = 
Py ee a: 
a z a z 
g F 3 8 2 
e 4q 0 2 e 60 B 
' | 
z 9 z 9 
<< < 
o oO 
br 20 9 3 wy 40 Es 
@ a @ & 
4 : 3 ? 
3 f fo) 
é 180 - . 20 
-20 i 0 - 
10 100 1K 10K 100K 1M 10 100. 1K 10K «100K 1M 
FREQUENCY — HERTZ ; “e : FREQUENCY — HERTZ. + 
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APPLICATION INFORMATION 


Foldback Current Limiting 


» CURRENT 
raiser 
‘ R 

VOLTAGE (Vacy) _— 
RY = Rs. 


Both the current sense and error amplifiers 
on the UC1834 are transconductance type 
amplifiers. As a result, their voltage gainisa 
direct function of the load impedence at 
their shared output pin, Pin 14. Their small 


signal voltage gain as a function of load and 


frequency is nominally given by; 


= Zulf) = Zu(f) 
Av &= F009 and Av csia = “FO9 
for: f < 500kHz and |Z.(f| <= 1MQ, 
where: . . 


” Ay = small signal voltage gain to Pin 14, 
Z.(f).= laad impedence at Pin 14. 


The UC1834 fault delay circuitry prevents 
the fault outputs from responding to 
transient fault conditions. The delay reset 
latch insures that the full, user defined, 
delay passes before an over-voltage fault 
response occurs. This prevents 
unnecessary ‘crowbar, or latched-off 
conditions, from occurring following sharp 
under-voltage to over-voltage transients. 


The crowbar output on the UC1834 is 
activated following a sustained over-volatge 
condition. The crowbar output remains high 
as long as the fault condition persists, or, as 
long as the over-voltage latch is set. The 
latch is set with an over-voltage fault if the 
voltage at Pin 15 is above the latch reset 
threshold, typically 0.4V. When the latch is 
set, its Q output will pull Pin 15 lowthrougha 
series diode. As long as a nominal pull-up 
load exists, the series diode prevents Qfrom 
pulling Pin 15 below the ‘reset threshold. 
However, Pin 15 is pulled low enough to 
disable the driver outputs if Pins 15.and 14 
are tied together. With Pin 15 and 14 
common, the regulator will latch off in 
response to an over-voltage fault. If the fault 
condition is cleared and Pins 14 and 15 are 
momentarily pulled below the latch reset 
threshold, the driver outputs are re-enabled. 


teamax(Typical) 
0.1(Vao.)_ (Vw = Vour) Rs, 


+ (Ri + Re): Reense 


FOR: Ri + Re >> Reese, Vany = 1-5V, 


TYPICAL APPLICATIONS 


UC1834 
UC2834 
UC3834 


Setting The Threshold Adjust Voltage (Vi0.) 


UC1834 


REFERENCE 
CIRCUIT 


Vans = 1.5V. Re 
R, + Re 
*TO MAINTAIN -2.0V OUTPUT 
: Ra= 20. (Ri + Ro) 


1.44k0 


FAULT 
MONITORING 


GROUND O- T 


REMOTE 


O SHUTDOWN’ 
RESET 


THERMAL 
ISHUTOOWN| FAULT 
MONITORING 


O Your 


FOLDBACK CURRENT UMITING 


INTEGRATED 
CIRCUITS 


aa UNITRODE 


UC1835 UC1836 
UC2835 UC2836 


High Efficiency Regulator Controller | UC3835 UC3836 


FEATURES 
* Complete Control for a High Current, 
Low Dropout, Linear Regulator 


® Fixed 5V or Adjustable Output Voltag 


© Accurate 2.5A Current Limiting with 
Foldback 


© Internal Current Sense Resistor 


® Remote Sense for Improved Load 
Regulation : 


© External Shutdown 


® Under-Voltage Lockout and Reverse 
Voltage Protection 


© Thermal Shutdown Protection 
© Packaged in an 8-Pin Mini-Dip 


CONNECTION. DIAGRAM 


DESCRIPTION 

The UC1835/6 families of linear controllers, packaged in 8-pin mini-dips, are optimized 

for the design of low cost, low dropout, linear regulators. Using an external pass element, 
e dropout voltages of less than 0.5V are readily obtained. These devices contain a high 

gain error amplifier, a 250mA output driver, and a precision reference. In addition, 

current sense with foldback provides for a 2.5A peak output current dropping to less 

than 0.5A at short circuit. : 


These devices are available in fixed, 5V, (UC1835), or adjustable, (UC1836), versions. 
In the fixed 5 volt version, the only external parts required: are:an external pass element, 
an output capacitor, and a compensation capacitor. On the adjustable version the 
output voltage can be set anywhere from 2.5V to 35V with two external resistors. 


Additional features of these devices include under-voltage lockout for predictable start- 
up, thermal shutdown and short circuit current limiting to protect the driver device. On 
the fixed voltage version, a reverse voltage comparator minimizes reverse load current 
in the event of a negative input to output differential. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


DIL-8 (TOP VIEW) 
N or J PACKAGE 


+Vin 


COMPENSATION/ 
SHUTDOWN 


Driver source [4 | 


Input Supply Voltage (+Vin) .........0.0...006 4 ~1.0V to +40V 


Driver Output Current (Sink or Source) .... 2++-.600MA 
Driver Source to Sink Voltage ....... ite Wh lediarccere eerste sage § +40V 
: Maximum Current Through Sense Resistor ................ 4A 
| & | SENSE RESISTOR OUT Vour Sense Input Voltage ............... noe .3V to +40V 
‘ Power Dissipation at Ta = 25°C ..000 0... cece cee 1000mwW 
[7 | CURRENT Limit (-) Derate at 10mW/°C above 25°C 
Power Dissipation at To = 25°C 2.0... ..cece cece eee 2000mW 
| 6 ] DRIVER SINK Derate at 16mW/°C above 25°C 
Thermal Resistance Junction to Ambient ............ 100°C/W 
| § | Vour SENSE Thermal Resistance Junction to Case ................ 60°C/W . 
Operating Junction Temperature’..:......... -55°C to +150°C 
Storage Temperature...............0c00ceee -65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds)............. 300°C 


BLOCK DIAGRAM 


Currents are positive into, negative out of, the specified * 
terminals. 


SENSE . 
RESISTOR MI 
OUT © 


2k 


SENSE ; 
RESISTOR ‘i 
OOmv.— 12mv = (uc 
100m’ m 6k C ( (UC1835 FAMILY 
> ONLY) : 
UNDER-VOLTAGE ; : 
LOCKOUT AND 
2k 1002 > 1.20 = 2.5V REFERENCE 
Tsp | THERMAL 
165°C } SHUTDOWN 
1.80 2 
: COMPENSATION/ DRIVER =- : 
+Vin SHUTDOWN 2 SOURCE 2 


: ) 
; ; : 
FOLDBACK CURRENT ERROR . 
LIMITING | AMPLIFIER = (U01856 FAMILY) 
4omn Yo 


DRIVER ' Vour SENSE 
SINK (UC1835 FAMILY) 
+Vin REVERSE : 
VOLTAGE COMPARATOR 
250uA dg OFF (UC1835 FAMILY ONLY) 20k 
, W (UC1835 FAMILY 
+ViN ONLY 
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UC1835 UC1836 
UC2835 UC2836 
UC3835 UC3836 


a RO. 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for Ta = 0°C to +70°C for the UC3835/6, -25°C to 
+85°C for the UC2835/6 and -55°C to +125°C for the UC1835/6, +Vin = 6V, Driver source = OV, 
Driver sink = 5V.) TA=Ty ; 


3 
PARAMETER | TEST CONDITIONS Twin. | typ. | max. [ untrs | 


Input Supply 
Sacce: Vin = Cn sc 
A = 40V TTI Tas [60 [ma 
UVLO Threshold _ +Vin Low to High, Vour Sense = OV 39 | 44 | 49 
Threshold Hysteresis : i oe . : 0.1 0.35 V 
Reverse Current ir ; +Vin = -1.0V, Driver Sink Open 6.0 20 | ma_| 
Regulating Voltage and Error Amplifier (UC1835 Family Only) 
; Driver Current = 10mA, Ty = 25°C “| 4.94 5.0 5.06 V 
Vv 


Regulating Level at Vout Sense (Vrea) 
; Over Temperature 


+Vin = 5.2V to 35V 
Driver Current = 0 to 250mA 
Vout Sense = 5.0V 


a" 
ao 
> 
Oo 
z 


Line Regulation 


Load Regulation — - : 


Bias Current at Vout Sense 
Error Amp Transconductance ea : ‘|. £100pA at Compensation/Shutdown Pin 
Maximum Compensation Output Current Sink or Source, Driver Source Open 


Regulating Voltage and Error Amplifier (UC1836 Family Only) 


Regulating Level at Vout Sense (Vrec) Driver Current = 10mA, Ty = 25°C _ : 
; Over Temperature . 


Peas |_| 
anne uneven eo 
iced Regulation Gree Curent=01ozeOmA | 80 | 88 
oa [| 


Error Amp Transconductance £100yA at Compensation/Shutdown Pin | 08 | 1.3 ‘ 
90 200 260 uA 


Lee Boat 
Rlo 
sis 
on 

&|3 
apa 


m 


3 
= 


3 
apa ne 


Maximum Compensation Output Current Sink or Source, Driver Source Open 
Driver 
Maximum Current . mA 
Saturation Voltage Driver Current = 250mA, Driver Sink Vv 
Pull-Up Current at Driver Sink - Compensation/Shutdown = 0.45V - A 
Driver Sink Leakage - - In UVLO - HA 

: In Reverse Voltage (UC1835 Family Only) pA 
Therma} Shutdown 165 
Foldback Current Limit oes : ; : 

Vout Sense = (0.99) Vrec 2.2 2.5 28 

Current -Limit Levels at Sense Resistor Out Vout Sense = (0.5) Vrea 1.3 1.5 17 


Vout Sense = OV 


+100yA at, Compensation/Shutdown, 


Current Limit Amp Transconductance Vour Sense = (0.9) Vrec 
Vout Sense = (0.9) Vrec 


Limiting Voltage at Current Limit (-) ye 
(Note 2) Volts Below +Vin, Ty = 25°C = 


Sense Resistor Value © Vout Sense = (0.9) Vaca 
(Note 3) ; lout = 1A, Ty = 25°C 
Note: 2. This voltage has a positive temperature coefficient of approximately 3500ppm/°C. 


3. This resistance has a positive temperature coefficient of approximately 3500ppm/°C. me 
The total resistance from Pin 1 to Pin & will include an additional 60 to 100mQ of package resistance. 


= 
a 
o 
ns 
roy 
2 

= 


DS) 
APP PI i 


> 
i=) 
3 

2 
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UC1835 UC1836 
UC2835 UC2836 
UC3835 UC3836 


UC3835/36 Typical Applications 


See appendix for component selection 
SES appendix tor component selection 


LOW CURRENT APPLICATION 
. using the UC3836 internal drive transistor 


TYPICAL OUTPUT CURRENT vs. Vin and Vour 


of the UC3836 internal drive transistor 
for P gigs = 0.5 W (approx.) 


Current in mA 


P CHANNEL POWER MOSFETs 
can also be used as the series pass transistor Q 


LINEAR REGULATOR 
using an external power transistor 
as a series regulator 

Ri | shalt’ Solan 


PARALLEL PASS TRANSISTORS 


ean be added for high current 
or high power dissipation applications 


HIGH CURRENT APPLICATION 
using drive transistor Qs'to increase Q, base drive 
and reduce UC3836 power dissipation 
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UC1835 UC1836 
UC2835 UC2836 
UC3835 UC3836 


LOW CURRENT 7 


mA_.- 
10 


Ro - Output Voltage Divider Resistor 


R2 - Output Voltage Divider Resistor 0 


Re = (Vour - 2.5V/1mA) 


- ADJUSTABLE 
| _75V_. | 5K POT 
12.5V 10K POT 
20K POT 


Rg - Drive Current Limit Resistor 7 , 
Rig = ((Vin - Vee - Vsat)"Beta (min))/lout (max), 


For circuit diagram of Fig. 4, . ; For circuit diagram of Fig. 5, 
Beta (min) = 25, Vee = 0.7V, Vsat = 1.5V.. Beta.(min) = 25, Vee =.0.7V, 
VSat VBE (Q2) + Vsat (UC3836) ~ 1.5V 


UC1835 UC1836 
UC2835 UC2836 
UC3835 UC3836 


Qi - Pass Transistor . 


era Cw = .-. =P Channel : : 
Transistor MOSFET 
TIP30 IRF9511 
.D41D4 .REP5P12 _ 
en ~ "TIP32,34 IRF9521. 
D45C2 __.__RFP6P08 
D45H5,8 ; IRF9531 - 
* MJE6040° *__.. RFEP12P08 
TIP36 ~ IRF9541— 
. 2N6666* ee 
aes ” TIP36,145* a eae ' 
2N6648* sc 
Ben _.. _ IRF9Z30 
_ RFK25P08 
| 20.0 [ " anezas* 


PNP 


*-Darlington transistor , 
“ee 
4. 
a to) 
3 s i 
. oO: S 
8 bes | 
2 at 
; a 
Ww @ ‘< 
g t 
ae 8 are chin 
f 3 oe = 
: 2 whe eae 
z go Ye 
to) ae - 
rr. F 
ae ~ | OUTPUT CURRENT:THROUGH Rsewse'— (A) * 
e > : e ' 
7. Pa a a a 
. SOF 
% of Ee * = i 


..Unitrode intagrated Circuits Corporation Be ce 
7 Continental Boulevard. ¢ P.O. Box 399 « Merrimack, New Hampshire «03054-0399 
Telephone 603-424-2410 FAX 603-424-3460 = : 
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INTEGRATED : : UC18 38A 
LI] UC2838A 
aa UNITRODE : UC3838A 


Magnetic Amplifier Controller. 


FEATURES : DESCRIPTION ; 

e Independent 1% Reference The UC1838A family of magnetic amplifier controllers ontains the circuitry to generate 

¢ Two Uncommitted, identical Operational and amplify a low-level analog error signal along with a high voltage-compliant current 
‘Amplifiers eek . source. This source will provide the reset current necessary to enable a magnetic 

 100mA Reset Curent Source with amplifier to regulate and contro! a power supply output in the range of 2A to 20A. 
~120V Capability ; By controlling the reset current to a magnetic amplifier, this device-will define the’ 

e 5V to 40V Analog Operation : amount of volt-seconds the magnetic amplifier will block before switching to the 

© 5W DIL Package conducting state. Magnetic amplifiers are ideal for post-regulators for multiple-output 


power supplies where each output can be independently controlled with efficiencies up 
to 99%. With a square or pulse-width-modulated input voltage, a magnetic amplifier will 
block a portion of this input waveform, allowing just enough to pass to provide a 
regulated output. With the UC 18384, only the magnetic amplifier coil, three diodes, and 

an output L-C filter are necessary to. implement a complete closed-loop regulator. 


The UC1838A contains a precision 2.5V reference, two uncommitted high-gain op amps 
and a high-gain PNP-equivalent current source which can deliver up to 100mA of 
magnetic amplifier reset current and with -120 volt capability. : 


These devices are available in a plastic “bat-wing” DIP for operation over a -20°C to 
+85°C temperature rangé and, with reduced power, ina hermetically sealed cerdip.for. 
-55°C to +125°C operation. i 


This improved “A” version replaces the non “A” version formerly introduced. 
ABSOLUTE MAXIMUM RATINGS 


Supply: Voltage, Voc .. 65. cece ed bee elec cee e een eee tere nett neces AOV) «banda cesinen 
Magnetic Amp. Source Voltage, Vm....-... ee ee ee wats Bad ecmiereibes 40V ....... 
Reset Output Voltage, Va -120V........ se 
Total Current Source Voltage, Vm — VA...s.. eee eee eee iiasiwe keene -140V........ a £ 
Amplifier Input Range ........-.---..-.-00+ (a alisDidces nase ciajeysrapaldiate ieee -.3V to Vcc 
Reset Input Current, IDR... 6... eee eee ener e erecta e teen eee tees ~10MA.....-...005 
Plastic 

Power Dissipation at Ta = 25°C ........ pi eiede bia tn he eany eee QW issricn e ¥oe 

Derate Above 50°C...... 00... cece eee cede eeee .. 20mW/°C .... LOMW/°C .. 
Power Dissipation at T (leads/case) = 26°C ed « BW shoeiees 2W ..... 

Defate for Ground Lead Temperature Above 70° «. 70MW/°C .... ee = iat one 

Derate for Case Temperature Above 25°C ..... ee — ese... LEMW/PC .. 
Operating Temperature Range ........-..- 0. see e sence eee e eee -55°C to +125°C ...... 
Storage Ternperature Range ............+.. ese eee e cence eee ~-65°C to +150°C ...... 
Lead Temperature (Soldering, 10 sec)...........-e eee ee eee cere eee 300°C......-.-.-5 
NOTE: All voltages are with respect to ground pins. 

All currents are positive into the specified terminal. 


BLOCK DIAGRAM CONNECTION DIAGRAM 


DiL-16 (TOP VIEW) 
Jor N PACKAGE 


C/L NU IN 


C/L INV. IN 


E/A INV. IN [6 | 


E/A NALIN 


4,5, 12,13] GND 


NOTE: All four ground pins must be 
connected to a common ground. 
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UC1838A 
UC2838A 
UC3838A 


ELECTRICAL CHARACTERISTICS (Unless otherwise Stated, these specifications apply for T, = -55°C to +1.25°C for the UC1838A 
-20°C to +85°C for the UC2838A and 0°C fo +70°C for the UC3838A, Vig = 20V, Vy = SV.) Ta=Ty' 


UC1838A/UC2838A UC3838A 


PARAMETER TEST CONDITIONS min. [ TvP. [:max. | min. | Twp. | MAX. | UNITS 


‘Supply Current 
Reference Output. 
Line Regulation : 


Voc = Vu = 40V 


Vee = 5 to 30V 


Load Regulation lo = 0 to -2mA = 5 | 20°; mv | 
|Vaer=ov 0 = [30 [60 [= | 20 [60 | ma _| 

Temperature Stability* Qver Operating Temp. Range - 15 25 - 10 25 mV 

Amplifier Section (Each Amplifier) ood 

Offset Voltage Vem = 2.5V 2 ee es ee Sees mV 

Input Bias Current Vin = OV . — ~ -} — - -1 HA 

Input Offset Current : : eo: - _ 100 ~ - 100 nA 

Minimum Output Swing . 0.4 ~ 18 04 | — 18 Vv 

Output Sink €urrent Vo = 5V - s 7 : 1 10 30 1 10 30 mA 

Output Source Current 1 Vo =0V C= =. J 71 | -10 | -20 -1 -10 | -20 mA 

Avot Vo =1 to 1lV . 100 120 _ 100 120 - dB 
[MRR Vin = 1 to 11V" 70 | 80 [ - | 70 | 20 | — | ap 
vs PSRR Vec = 10 to 20V . 70 100 - 70 100 - . dB 

Gain Bandwidth* : 06 | 08 a 06 | O8°| — MHz 

Reset Drive Section 

Input Leakage Vor = 40V 10 - _ 10 uh 

Output Leakage Vp = -120V -100 | — — | -100 uA 

Input Current In = -5OmA -2 — -1 -2 mA 

Maximum Reset Current lpr = -3mA - -200 | -100 | -120 | -200 mA 

Transconductance Irn = -10 to -5O0mA 055 | 03 | .042 055 A/V 

Note: “These parameters guaranteed by design and not 100% tested in production. 
TYPICAL APPLICATION 
stuns i SRS cas 
4 UES2403 


MAGNETIC . 
AMPLIFIER 


SECONDARY 


1000 
WINDING x 


15V 
AUXILIARY 
SUPPLY 


GND 
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UC1838A 
UC2838A 
UC3838A 


Amplifier Open-Loop Response Reset Driver Response 


GAIN MAGNITUDE — (dB) 
- PHASE — (Degrees) 

GAIN MAGNITUDE — (dB) 
PHASE — (Degrees) 


lo (DC) = SOMA, 
wo (AC) = 10mA 


BIGNAL FREQUENCY — (Hz) . . SIGNAL FREQUENCY — (H2) 


Reset Driver — Input Current : Reset Driver — Input Voltage 


RESET CURRENT — (mA) 
RESET CURRENT — (mA) 


02 -04 -06 -08 -10 -12 
INPUT CURRENT — (mA) INPUT VOLTAGE — Volts (W.R.T. Vm) 


Reset. Driver — Output Impedance Reference Temperature Coefficient 


2.55 
-100 = 2.54 
‘3 & 253 
Y -80 = 2582 
=) 
5 5 251 
@ -60 & 2.50 
2 2 2.49 
mt -40 4 2.48 
w Zz 
= & 247 
& 
"220 2.46 
2.45 
0 
-20 > -40 ‘60 -80  -100 
RESET VOLTAGE — (V) JUNCTION TEMPERATURE — (°C) 


Unitrode Integrated Circuits Corporation “ 
7 Continentat Boulevard. ¢ P.O. Box 399 Merrimack, New Hampshire « 03054-0399... : +5 
Telephone 603-424-244 Oe FAX 603-424-3460 
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INTEGRATED ; 
CIRCUITS . BM aes, 8 


am UNITRODE 


Programmable, Off-Line, PWM Controller 


FEATURES _ a 

@ All control, driving, monitoring, and 
protection functions included 

© Low-current, off-tine-start circuit 

© Feed-forward line regulation over 4 to 1 
input range 

@ PWM latch for single pulse per period 

© Pulse-by-pulse current limiting plus 
shutdown for over-current fault ; 

@ No start-up or shutdown transients 

© Slow turn-on and maximum duty-cycle 
clamp 

© Shutdown upon over- or under-voltage 
sensing 

© Latch off or continuous retry after fault 

© Remote, pulse-commandable start/stop 


© PWM output switch usable to 1A peak: - 
current — : 


© 1% reference accuracy 
© 500kHz operation 
© 18-pin DIL package 


BLOCK DIAGRAM 


RESET (5 }— 


EXT. stop. (4) 


& 


Ov SENSE (3) 


oe 
Rr/Cy (9) cLocK ‘ 
Esdeiaas - | . nek: 
DRIVE INT. CIRCUIT POWER we 
come(1) switcH |__| en 
C4 Bias 
INV. INPUT(17) xy 1 * @ pwit 
> pw 2) output 
NAb INPUT (18) ‘LATCH 
: ia ™ rd 
START/UV (2) Sas eal eae? 
Sg net | a re wine 
40v 7X AND ~ 


Note: Positive true logic, latch outputs high with set, reset has priority. 


UC1840 
-UC2840 
~UC3840 


DESCRIPTION 

Although containing most of the features required by all types of switching power supply 
controllers, the UC1840 family has been optimized for_highly-efficient boot-strapped 
primary-side operation in forward or flyback power Converters. Two important features 
for this mode.are a starting circuit which requires little current from the primary input 
voltage and feed-forward control for constant volt-second operation over a wide input 
voltage range. . 

In addition to startup and normal regulating PWM functions, these devices offer built-in 
Protection from over-voltage, under-voltage, and over-current fault conditions. This 
monitoring circuitry contains the added features that any fault will initiate a complete 
shutdown with provisions for either latch off or automatic restart. In the latch-off mode, 
the controller may be started and stopped with external pulsed or steady-state 
commands. 

Other performance features of these devices include a 1% accurate reference, provision 
for slow-turn-on and duty-cycle limiting, and high-speed pulse-by-pulse current limiting 
in addition to current fault shutdown. t j ea 

The UC1840's PWM output stage includes a‘tatch to insure only a’single pulse per period 
and is designed to optimize the turn‘off of an external switchihg device by conducting 
during the “OFF” time with a capability for both high peak current and low saturation 
voltage: These devices are available in an 18-pin’ dual-in-line plastic or ceramic package. 
The UC1840 is characterized for operation over the full military. temperature range of 
~55°C to +125°C. The UC2840 and UC3840 are designed for operation from -25°C to" 
+85°C and O°C to +70°C, respectively. * 


v 
G) SENSE 


BIAS 
SUPPLY 


GROUND 


START/ |: 
DUTY CYCLE 
CLAMP 


CUR LIMIT. 
THRESHOLD ~ 


CURRENT SENSE 


2 
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UC1840 


‘ ; UC2840 
rs UC3840 
ABSOLUTE MAXIMUM RATINGS (Note1)- > : CONNECTION DIAGRAM 
Supply Voltage, *Vin (Pin -15) ae ; wea ee ia a : 

Voltage Driven .........0eeseeeee Paley ae +32V-.-T ‘nv :38 COP. 

Current Driven, 100mA maximur . Sel¥-limiting hesrep tin : 

M Output Voltage (Pin-12)..:..... Vopecanerececeeeceeenne 40V 
PWM Output Current, Steady-State<Pin 12) v1. 400mA YO | 
PWM Output PeakEriergy Discharge .... ae ij... 20yJoutes 


Driver Bias Current (Pin 14) ...........- .. ~200mA 


NONINVINBUT 2200" 
ANVERTING INPUT, 


5.0V REF 
+ Vin SUPPLY 
DRIVER BIAS 


Power Dissipation at Tc = 25°C ..2...0...- 00+ al ietle 2000mw "| ag eee cc 
Derate at-16 mW/°C for Tc above 25°C ee Ee ES 3 - + +12[ Pwe ouTPUT 
Thermal'Resistance, Junction to:Ambient ...... wane -100°C/W feos SS owe ae Ve SENSE 
Thermal! Resistance, Junctiorr.to!Case ... ‘i : ees 
Opérating Junction’ Temperature. . . . =55°C to +150°C ~ 
Storage Temperature Range ......- . 765°C to +150°C . 
Lead Ternperature (Soldering, 10 sec)... wldditenaies +300°C -- 
Notes: 1. Al! voltages are-with respect to groynd, Fin 13. ; : Fs ae is 
Currents.are pésitive-into, negative-out of the specified terminal. ae Ea he bead 2 


i +e os o ae ~ aa 


i 


— ‘ , "oA oh eS 


ELECTRICAL CHARAGTERISTICS (Unless otherwise stated, these specifications apply-for Ta = -55°C to +125°C for the Uci840.~ 
;  =25°C to #85°C for the UC2B40, and 0°C to 70°C fr the UC3B40; Vw = 20V, Rr.= 20K : 
'~- Gy = .OOLmfd-Ca = OO1mfd, Current Limit Threshold = 200m¥) Ta=Ty" ee fg 


“Supply OV Clamp - 
— nee Section 
Reference Voltage | 


ct Circuit Current 
Cimiie . 


Nominal, Frequency |! 


‘Température Coefficient* as Over operating temperature range 
Maximum Frequency Rr = 2k, Cr = 330pF 


Igense = ~LOpA 


Ramp Peak 


“Guaranteed by design. Not 100% tested in production. 
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UC1840 
UC2840 
UC3840 


ELECTRICAL CHARACTERISTICS (Unless otherwise Stated, these specifications apply for Ta = ~55°C to +125°C for the UC1840, 
; ~25°C to +85°C for the UC2840, and 0°C to 70°C for the UC3840; Vin = 20V, Rr = 20k, 
Cr = .001mfd, Cr = .001mfd, Current Limit Threshold = 200mV) Ta=Ty 


a pita uc1s40 
i C3840 
ran |e | |e 


rr 
[Pteput onset Votage [Vows 800 os se 
| its] 


i 


ps Wei elaa Cured 5 1 Ee ly Pee 
pest iat tet 3 eo a 7 
| DostiLowe Galt lventew eel lolol [a 
Semen mtr dos| [safes] [sal 


| Gain Bandwitnt | Ty = 25°C, Avon =008 ——S«d a | 2 | a 


Ty = 25°C, Avo. = OdB | [os] 7 Tos] W/us 
Continuous Duty Cycle Range* Minimum Tota! Continuous Range 
(other than zero) 


Ramp Peak < 4.2V 


| Oviput Saturation tour =20ma_—SSSSC*dtSd of om | pon fon] 
[10 | 


Comparator Thresholds . | 2.8 | 
| input Bias Current | Pins 3,4,5-0VSSC«dSCCS 
| Start/UV Hysteresis Current [Pin 2= 25V,Ty=25°C | 180 | 200| 220 | 170] 
linputv=20v | St | 20 


Input Leakage 


|_Driver Bias Saturation Voltage, Vw Von [iw =-50mA Sidi 2 | 38 | 
[Driver Blas Leakage Ve=ov Cd SSCit of to | on] 
[_SiowStart Saturation" s=2ma SSC So fos | fon] 


Current Control 

| 400 | 430 | 

pest a] 8 | 
|__| 30 | 
| 200 | 400 | 


Common Mode Range* Pe eee CT) 
Ts= 25°C, Pin7to12,R=1k | | 


* Guaranteed by design. Not 100% tested in production. 
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FUNCTIONAL DESCRIPTION 
PWM CONTROL 
1. Oscillator: 


. Ramp Generator: 


. Error Amplifier: 


. Reference Generator: 


. PWM Comparator: 


. PWM Latch: 


_ PWM Output Switch: 


SEQUENCING FUNCTIONS 
1. Start/UV Sense: 


2.- Drive Switch: 


4. Slow Start: 


5. Start Latch: 


6. Reset Latch: 


PROTECTION FUNCTIONS 
1. Error Latch: 


2. Current Limiting: 


| 200A hysteresis current. 
; At the UV" “threshold, it also resets the Error Latch if the Reset Latch has. been set. 


Uuc1840 
UC2840 
UC3840 


Generates a fixed-frequency internal clock from an external Ry and Cr. 


K 
Frequency = R re where K, is a first-order correction factor ~ 0.3 log (Cr X 10"). 
TO E 


dv 


sense voitage 
Develops a linear ramp with a slope defined externally by a Billi ts 


RrCr 

Ca is normally selected < Cr and its value will have some effect upon valley voltage. 

Ga terminal can be used as an input port for current mode control. ej 

Conventional operational amplifier for closed-loop gain. an phase compensation. 

Low output impedance; unity-gain stable. 

Precision 5.0V for internal and external usage to 50mA. 

Tracking 3.0V reference for internal usage only with nominal accuracy of + 2%. 

40V clamp zener for chip OV protection, 100mA maximum current. , 
Generates output pulse which starts at termination ‘of clock pulse and ends when the ramp input 
crosses the lowest of two positiveinputs. 


Terminates the PWM output pulse when set by inputs from either the PWM comparator, the pulse- 
by-pulse current limit comparator, or the error latch. Resets with each internal clock pulse. 


Transistor Capable of sinking current to ground which is off during the PWM on-time and turns on 
to terminate the power pulse. Current capacity is 400mA saturated with peak capacitance 
discharge in excess of one amp. - 


This comparator performs three functions— 
With an increasing voltage, it generates a turn-on signal at a start threshold. 


With a decreasing voltage, it generates a UV fault signal at a lower level separated by a 


Disables most of the chip to hold internal current consumption low, ai and Driver Bias OFF, until 
input voltage reaches start threshold. 

Supplies drive current to external power switch to provide turn-on bias. _ 
Clamps low to hold PWM OFF. Upon release, rises with rate. controlled by RsCs. for slow increase of 
output pulse width. ; ; , 

Also used to clamp maximum duty cycle with divider Rs Roc. 

Keeps low input voltage at initial turn-on from being defined as a UV fault. Sets at start level to 
monitor for UV fault. 

When reset, this latch insures no reset signal to either Start or enor latches so that first fault will 
lock the PWM off. 

When set, this latch resets the Start and Error latches at the UV tow threshold, allouing a restart. 


When set by TaHaIEany input, this latch insures immediate PWM shutdown ani 
hold off until reset. 


Inputs to Error Latch are: 

a. UV low (after turn-on) 

b. OV high 

c. Stop low 

d. Current Sense 400mv over threshold. 
Error Latch resets at UV threshold if Reset Latch is set. : 
Differentias input. comparator terminates individual output pulses each ti time sense voltage rises 
above threshold. 
When_ sense voltage rises to 400mvV above thres 


hold, a shutdown signal is sent to Error Latch. 
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Start/UV Hysteresis Current 


HYSTERESIS CURRENT — (Microamps) 


50 75 
JUNCTION TEMPERATURE — (°C) ~ 


100 


Oscillator Frequency 


Sime 
RAK 
AVN AAAS 


AN 
SNS | 


FREQUENCY — (KHz) _ 


20 50 100. 200 
Rr TIMING RESISTOR — '(kQ) 


500 


Error Amplifier Open-Loop Gain and Phase 
80 


60 1 
| 
g 
+ 40 
2 
é. 
ho > 
= 20 ‘i uy 
_ 
g 
f 
0: 180 
270 
~J 360 
100 1K 10K 100K IM 


FREQUENCY = (Hertz) 


125° 


PHASE SHIFT — (DEGREES) 
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OUTPUT SATURATION VOLTAGE — Ww) 


‘ MINIMUM PULSE WIDTH — (u sec) 


PWM Output Saturation Voltage 
] 1 T 
4 
[ } T Vin = 20V i 
Low duty-cycle 
pulse test. 
L 1. 
oO 100 200 300 400 500 
OUTPUT SINK CURRENT — (mA) 
PWM Output Minimum Pulse Width 
Line ~] 
[pee laces width goes to zero 
below value indicated.) 
10 ——+—_ + 
hy V2Cr<Ca<Cr 
5.0 l 
3.08 
2.0 
10 
0.5 
0.3 
0.2 
0.1 ~ - 
10 20 "30 50 100 200 300 500 
OSCILLATOR FREQUENCY — (k Hertz) 
Shutdown Timing © 
. i 
Pin 4 
Volts 
0 
5 
Duty Cycle 
Pin 8 Ctamp Voltage 
Volts 
0 
20 
PWM Output 
(inde Voltage : 


1000 
DELAY TIME — (n sec) 


UC1840 
UC2840 
UC3840 


UC1840 


UC2840 
UC3840 
OPEN-LOOP TEST CIRCUIT , 
Er ply 
Voltage 


Nominal Frequency = ee = 5OkHz 


R2+R; 


FLYBACK APPLICATION (A) 


In this application (see Figure A, next page), complete control is 
maintained on the primary side. Control power is provided by Rin 
and Cin during start-up, and by a primary-referenced low voltage 
winding, N2, for efficient operation after start. The error amplifier 
loop is closed to regulate the DC voltage from N2 with other 
outputs following through their magnetic coupling — a task made 
even easier with the UC1840’s feed-forward line regulation. © 


An extension to this application for more precise regulation would 
be the use of the UC1901 isolated Feedback Generator for direct 
closed-loop control to an output. The UC1840 will readily accept 
digital start/stop commands transmitted from the secondary side 
by means of optical couplers. 


Not shown are protective snubbers or additional interface circui- 
try which may be required by the choice of the high-voltage 
switch, Qs, or the application. 


UC1840 
DUT. 


UV Fault Voltage = 38s") ey 


Start Voltage = afechcr +0.2R,=12V OV Fault Voltage = a(+B28) =32V 


42149 


Output 
Monitor 


Current Sense 


Current Limit = 200mV 
Current Fault Voltage = 600mV 
Duty Cycle Clamp = 50% 


Re + Ra 


REGULATOR APPLICATION (B) 


Although primarily intended for transformer-coupled power sys- 
tems, the UC1840's advantages of feed-forward for high ripple- 


‘rejection, a fully contained fault monitoring system and remote 


start/stop capability make it worth considering for other types of 
regulators. Since the fault logic within the UC1840 requires recy- 
cling the voltage sensed by the Start/UV Comparator to reset the 
error latch, a need for automatic restart must be addressed in a 
manner similar to. that shown in Figure 6 (next page). In this 
simple, non-isolated, buck regulator; diode D1 provides a low- 
impedence bootstrapped drive power sdurce after start-up is - 
achieved through Rin and Cin. When a fault shutdown terminates 
switching action, the loading of Q1 and Rawill lower the voltage on 
pin 2 to effect an automatic re-start attempt which will continu- 


“ously recycle until the fault is removed. 


DC INPUT LINE 


CONTROL VOLTAGE 


UC1840 
UC2840 
UC3840 


+Vin 


START/ 
STOP 


Veer our 
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ec 
\ 
5 
' 
‘ 
1 
f 
' 
t 
i 


SES1105 
KY 


Res 


U1: UC3705/06/07/09 
MOSFET ORIVER 


UCc1840 
UC2840 


UC3840 
UC1840 POWER SEQUENCING FUNCTIONS 


TIME EVENT 


Initial turn-on, Vc rises with light load 
Start threshold. Driver Bias loads Vc 
’ Operating PWM regulates Vc 
Stop input sets Error Latch turning off PWM 
UV low threshold, Error Latch remains set 
Start turns on Driver Bias but Error Latch stitl set 


Ve and Driver Bias continue to cycle 


Stop command removed . 

Error Latch reset at UV low threshold -« 

Start threshold now removes slow-start clamp 
Return to normal run state 

Reset Latch set signal removed 

Error Latch set with momentary fault 

Error Latch does not reset as Reset Latch is reset 


Ve and Driver Bias recycle with no turn-on. 

Notes: : 

1. VC represents an analog of the output voltage generated by a primary-referenced 
secondary winding on the power transformer. It is the voltage monitored by the start/UV 
comparator and, in most cases, is the, supply voltage, Vin, for the UC1840. 

2. Although input to External Stop, Pin 4, is shown, results are the same for any fault input 
which sets the Error Latch. 


Reset Latch set is set with momentary Reset signal 
Vc must complete cycle to turn-on 

Start and Error Latches reset 

Normal start initiated 

Return to normal run state 


<CANMWMOVOZZr AC -ITOAMGOVyY 


UC 3706 CONVERTS SINGLE OUTPUT PWMS TO 
HIGH CURRENT PUSH-PULL CONFIGURATION 


POWER MOSFET DRIVE CIRCUIT 
USING UC 3705/3706/3707 or 3709 DRIVERS 


1K 


* UC 3611 QUAD SCHOTTKY 
DIODE ARRAY 


DI, D2:UC3611 SCHOTTKY DIODES 
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aa UNITRODE 


Programmable, Off-Line, PWM Controller 


FEATURES 

© All control, driving, monitoring, and 
protection functions included 

© Low-current, off-line start circuit 

© Voltage feed forward or’current mode 
control 

© Guaranteed duty cycle clamp 

@ PWM latch for single pulse per period 

© Pulse-by-pulse current limiting plus 
shutdown for over-current fault 

® No start-up or shutdown transients 

© Slow turn-on both initially and after fault 
shutdown. 

© Shutdown upon over- or under-voltage 
sensing ‘ 

@ Latch off or continuous retry after fault 

© PWM output switch usable to 1A peak 
current 

© 1% reference accuracy 

© 500kHz operation 

© 18-pin DIL package 


UC1841 
UC2841 
UC3841 


DESCRIPTION : : i 

The UC1841 family of PWM controliers has been designed to increase the level of 
versatility while retaining all of the performance features of the earlier UC1840 devices. 
While still optimized for highly-efficient boot-strapped primary-side operation in forward 


-or flyback power converters, the UC1841 is equally adept in implementing both low and 


high voltage input DC to DC. converters. Important performance features include a 
low-current starting circuit, linear feed-forward for constant volt-second operation, and 
compatibility with either voltage or current mode topologies. z 


In addition to start-up and normat regulating PWM functions, these devices include 
built in protection from over-voltage, under-voltage, and over-current fault conditions 
with the option for either latch-off or automatic restart. 


While pin compatible with the UC1840 in all respects except that the polarity of the 
External Stop has been reversed, the UC1841 offers the following improvements: 


1. Fault latch reset is accomplished with slow start discharge rather than recycling” 
the input voltage to the chip. x : . 

2. The External Stop input can be used for a ‘fault delay to resist shutdowii from short 
duration transients. De ; ; 

3. The duty-cycle clamping function has been characterized and specified. 


These devices are packaged in 18-pin plastic or ceramic dual-in-line packages with the 
UC1841 characterized for -55°C to +125°C operation while the UC2841 and UC3841 
are designed for -25°C to +85°C and 0°C to +70°C, respectively. 


BLOCK DIAGRAM (Pin numbers shown for DIL-18 package) 


RT/CT [9] osc 


come 


a 7 
UNV. INPUT — 


3 > 
he & y ? 


start/uv [2] 


CURRENT LIMIT [é] 


THRESHOLD hz 
CURRENT 
SENSE > 
 400mv 
ov sense [3] 


REF 
EXT. STOP | 4] 


200A Y > 
HYSTERESIS 


= 


-{11] Vin SENSE 


RAMP 


Vin SUPPLY 


DRIVER 


: BIAS . * 


REF GEN 5.0V REF 
‘AND BIAS Pas 
4ov SUPPLY INT. 
: 3.0V REF 


PWM 
OUTPUT 


[5] RESET 


<i 0.4V 
= ; SLOW 


Te] START/ 
DUTY CYCLE 
CLAMP 
ZN 
ERROR )ors) oY 
LATCH 
[13] GROUND 


Note: Positive true logic, tatch outputs high with set, reset has priority. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage, +*Vin (Pin 45) , 


Voltage Driven .........8:ee 6! We lan noe bas ooenaa tenn tah Se 


Current Driven, LOOmA maximum .. weeeeeenes Self-limiting 
PWM Output Voltage (Pin 12)........ gactsiths svn deine ine Danes 40V | 
PWM Output Current, Steady-State (Pin 12):.....-2.---.-- 400mA 
PWM Output Peak Energy Dischiarge ....... 60.00. 2+ 05+ 20yuJoules _ 
Driver Bias Current (Pin 14) ......---. seer eee e renee -200mA © 
Referencé Output Current (Pin 16)... ..n.-- eee eee cece rere -50mA 
Slow-Start Sink Current (Pin 8)...../. see eceneree eter teres 20mA . 
Vin Sense Current (Pin 11) .......- waktnak claiownae sce eees 10mA 


Current,Limit Inputs (Pins 6 & 7) 2.:...-+see -0.5 to +5.5V 
Stop Input (Pin 4).....-.e eee re reer eter e ners . 70.3 to +5.5V 
Comparator Inputs . t : 

(Pins 1,7, 9-11, 16) ....-+--e seers Internally clamped at 12V 
Power Dissipation at Ta = 25°C .......0+-000 hicae edie 


1000mW 
Derate at L1OmW/°C for Ta above 50°C ‘ 


Thermat Resistance, Junction to CaS foe. e eee eee deee ..60°C/W 
Operdting Junction Temperature.......-...+++ ! -55°C to +150°C 
Storage Temperature Range .......--+++ alesse. 765°C to +150°C - 
Lead Temperature (Soldering, 10 seC)........--++s-e+++ +300°C 


Notes:-1. All voltages are with respect to ground, Pin 13.. _ S 
_ Currents are positive-into, hegative-out of the specified terminal. _ 
‘9 All pin numbers are referenced to DIL-18 package. 


: F 
‘ 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for. Ta = ~§5°C to +125°C for the UC1841, 
sot oe 25°C to +85°C for the UC2841, and 0°C to 70°C for the'UC3841; Vin = 20V, Rr = 20kQ,. 
Cr.= D01mfd, Ra = 10kO, Ca = .001mfd, Current Limit Threshoid= 200mV) TA=TJ 


a 
i. 
' : 
i 
5 


| ° ~ PARAMETER 


| _ TEST CONDITIONS 


ucis841 
UC2841 
UC3841 


CONNECTION DIAGRAMS ~ . 
Top VIEWS 
DIL-18, J or NP: 


ACKAGE.. 


PACKAGE PIN FUNCTIONS 


- 
- 
iJ 


; 2 17 
3 ws START/UV 
4 MB) OV SENSE 
5 14] STOP ; 
6 13 
? 12). | Cur SENSE 
8 uN SLOW START 
9 


PLCC-20 
QPAGKAGE © 


PWM OUT ; 
GROUND 

+Vin SUPPLY 
-5.0V REF 
“INV INPUT 
N.I. INPUT 


9 10 1112.13. 


” 


~ J. uciea 
[i vezeal 


UNITS” 


MIN. | TYP. [MAX.| MIN. | TYP, | MAX. 
Power Inputs : inne hence 
Start-Up Current. = 30V, Pin 2 = ZV, 
: Operating Current ? . Vin = 30V, Pin 2 = 3.5V 
" Supply OV Clamp. Min = 20rmA 
Reference Section . “ 
: Reference Voltage — Ts = 25°C 
Line Regulation : a Vin = 8 to 30V 
Load Regulation 7 I, =0 to 10mA 
Temperature Stability . “| Ovdr operating temperature range 
‘Short Circuit Current Vac = 0, Ty = 25°C" 
Oscillator ne =< 7 
, Nominai Frequency , Tj) = 25°C | 
Voltage Stability. oi Vin.= 8 to 30V 
™ Temperature Stability Over operating temperaturé range _ 


: Maximum Frequency 35 


Ry-= 2kN, Cr ="330pF™ 


Ramp Generator 


Ramp Current, Minimum IseNSE = ~10uA 


Ramp Current, Maximum tsense = 1.0mA 


Ramp Valley 


Ramp Peak Clamping Level 
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UC1841 
UC2841 
UC3841 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1841, 
~25°C to +85°C for the UC2841, and 0°C to 70°C for the UC3841; Vin = 20V, Rr = 20k, 


Cr = .001mfd, Rr = 10kO, Cr = .001mftd, Current Limit Threshold = 200mV) Ta=Ty 


ucia41 
PARAMETER - TEST CONDITIONS anid UNITS 


Error Amplifier 
Input Offset Voltage 


| fos | 2 | 
Input Bias Current fe eee ea] 2 
fea ES 


Input Offset Current 
Open Loop Gain [Avo=itow feof es! 6a le] | 
Output Swing . et 
it Ou an Peak iconyy _|MrimumTowitanee oa | [asfos| [5 | 
ml 
Vin = 8 to30V 
ae 


Gain Bandwidth* Ty = 25°C, Avoi = 0dB 
Slew Rate* Ts = 25°C, Aver = 0dB 


: 
3 
E 
|e 
fe] 
E 


ae 
elels 
iz 
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> 
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Bll 
a 

° 
<|z= 

S 


50% Duty Cycle Clamp Rsense to Vraer = 10k 


Pin 8 to Pin 12 
ae 
Comparator Delay > | Ty = 25°C, Re = 1k 


Sequencing Functions 
_ Comparator Thresholds 
: Input Bias Current 
Input Leakage 
Start/UV Hysteresis Current 
_ Ext. Stop Threshold 
Error Latch Activate Current: 
Driver Bias Saturation Voltage, Vin - Von 
Driver Bias Leakage 
Slow-Start Saturation 


Slow-Start. Leakage. | [01 | 20 | 
Current Limit Offset P| 5 | | 0 | 


° 
<€ 
S 
3 
€ 
S 
iy 
o 
x 
we 
oO 
B loje 
8 HIN 
.~ 
ah 


_ 
3 
3 
! 
> 
°o 


ia = -S0mA Eo fe] 


| 220 | 
| __|=120] -200) 
Pin 4 = OV, Pin 3 > 3V -120 
| 3 | 
| -10 | 


5 
1 
ray 
°o 


2 
3 
$s 
= 
c 
& 
5 
8 
8 
ro) 
B 


g 
g 
z 
a 
2 
g 


Ty = 28°C, Pin 7 to 12, Rt = 1k 
“Guaranteed by design. Not 100% tested in production. 
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PWM CONTROL 
1. Oscillator: 


Generates a fixed-frequency internal clock from an external Rr and Cr. 


Ke 


RrCr 


Frequency = where Ke is a first-order correction factor ~ 0.3 log (Cr x 10° 2). 


: : * dv sense voltage 
Develops linear ramp'with slope defined externallyby —. =. pn. 

dt RrCr 
Cr is normally selected < Cr and its value will have. some effect upon valley voltage: 
Limiting the minimum value for Isense into pin 11 will establish a maximum duty cyele clamp. 
Cr terminal can be uséd as an input port for current mode control. a 


. Ramp Generator: 


Conventional-operational amplifier for closed-loop-gain and phase compensation. 
Low output impedance; unity-gain stable. 
The output is hetd low by the slow start voltage at turn on in order to minimize overshoot. 


. Error Amplifier: - 


. Reference Generator: Precision 5.0V for internal and external usage to 50mA. 
Trackirig 3.0V reference for internal usage only with nominal accuracy of + 2%. 


40V clamp zener for chip OV protection, 100mA maximum current. 


5. PWM Comparator: Generates output pulse which starts at termination of clock pulse and ends when the ramp input 


crosses the lowest of two positive inputs. 


. PWM Latch: Terminates the PWM output pulse when set by inputs from either the PWM comparator, the pulse- _ 


by-pulse current limit comparator, or the error latch. Resets with each internal clock pulse. 


Transistor capable of sinking current to ground which is off during the PWM on-time and turns on 
to terminate the power pulse. Current capacity is 400mA saturated with peak capacitance 
discharge in excess of one amip. 2 


7. PWM Qutput Switch: 


1. Start/UV Sense: 


With an increasing voltage, this comparator generates a turn-on signal and releases the slow-start 
clamp at a.stast threshold. : : 7 
With a decreasing voltage, it generates a turn-off command at ‘a lower level separated by a 200uA 
hysteresis current. 3 ‘ a pee 


2. Drive Switch: | Disables most of the Chip to hold internal current consumption tow, and Driver Bias OFF, until 


input voltage reaches start threshold. 


3. Driver Bias: 


L Supplies drive current to external power switch to’ provide turn-on bias. 
4. Slow Start: 


Clamps tow to hold PWM OFF. Upon release, rises with rate controlled by RsCs for slow increase of 
output pulse width. : . 


7 Can also be used as an alternate maximum duty cycle élamp with an external voltage divider. 
PROTECTION FUNCTIONS ; | 
1. Error Latch: , 


When set by Momentary input, this latch insures immediate PWM shutdown and 
hold off until reset. 


Inputs to Error Latch are: 
a. OV > 3.2 V (Typically 3 V) 
b. Stop > 2.4 V (Typically +.6V) 
c. Current Sense.400mvV over threshold. 


Error Latch resets when slow start voltage falls to 0.4V if Reset Pin 5 < 2.8 V. With Pin 5 > 3.2 V. 
Error Latch will remain set. : 


Differential input comparator terminates individual output pulses each time sense voltage rises 
above threshold. BP Tog Pe a8 


When sense voltage rises to 400mV (Typical).above threshold, a shutdown signal is sent to Error Latch. « + 
A voltage over 1.2V will set the Error Latch and hold the output off. : ‘ 
_ \A valtage less than 0.8V will defeat the error latch and prevent shutdown. 


A capacitor here will slow the action of the error latch for transient protection by providing a Typical 
delay of 13ms/yF. 2 2 


2. Current Limiting: 


3. Ext. Stop: 


# 
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HYSTERESIS CURRENT — (Microamps) 


FREQUENCY — (KHz) 


VOLTAGE GAIN — (dB) 


Start/UV Hysteresis Current 


{ 
a, 
ot a 
t+ 4 
foal 


4. | : Re 


-50 ~25 0 25 50 75 100 12 
JUNCTION TEMPERATURE'— (°C) 


Oscillator Frequency 


1 2 5 10 20 50 100 200 500 
Rr TIMING RESISTOR — (kQ) 


Error Amplifier Open-Loop Gain and Phase 


| 
100K 10K 100K 1M 


FREQUENCY — (Hertz) 


PHASE SHIFT — (DEGREES) 
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UC1841 


UC2841 
-PWM Output Saturation Voltage UC3841 
T T T 
4 Y 
Vin = 200 
Low duty-cycle 


pulse test. 


OUTPUT SATURATION VOLTAGE — (V) 


0 100 200 300 400 500 
OUTPUT SINK CURRENT ~~ (mA) 


PWM Output Minimum Pulse Width 


T T ™ Tot 
(Pulse width goes to zero 
below value indicated.) 


MINIMUM PULSE’ WIDTH — ( sec) : 


10 20 30 50 100 200° 300 . 590 
OSCILLATOR FREQUENCY -~ (k Hertz) 


_ Shutdown Timing 


oe 


Duty Cycie 
Pin-8 Clamp Voltage 


PWM Output 
Voltage 


0 500 1000 1500 
DELAY TIME — (nsec) 


UC1841 
UC2841 
UC3841 


OPEN-LOOP TEST CIRCUIT 


SUPPLY 
VOLTAGE 


Vaer 


Vin SENSE 


OV SENSE 
cOMP 


Nominal Frequency = ai = 50kHz 
TT 


FLYBACK APPLICATION (A) 


In this. application (see Figure A, next page), complete control is 
maintained on the primary side. Control power is provided by Rin 
and -Ciw during start-up, and by a primary-referenced low voltage 
winding, N2, for efficient operation after start. The error amplifier 
loop is closed to regulate the DC voltage from N2 with other 
outputs following through their magnetic coupling — a task made 
even easier with the UC1841's feed-forward line regulation. 


Anextension to this application for more precise regulation would 
be the use of the UC1901 Isolated Feedback Generator for direct 
closed-loop control to. an output. 


Not shown, are protective snubbers or additional interface circui- 
try. which may be required by the choice of the high-voltage 
switch, Qs, or the application; however, one example of power 
transistor interfacing is provided on the,following page. 


UCi1841 PWM OUT 
D.U.T. 


DIL-18 
PACKAGE 


INV NI C/L(-) 


UV Fault Voltage = shee 8) =8V 


Start Voltage = s(eche8) +0.2R1=12V OV Fault Voltage = s(t+8.+8) =32V 


SLOW START 


DRIVER BIAS 


OUTPUT 
MONITOR 


GROUND 


RESET 


STOP 
C/L(+) 


43k 


10k 


CURRENT SENSE 
—) <= TEST 


Current Limit = 200mV 
Current Fault Voltage = 600mV 
* Duty Cycle Clamp = 50% 


Re + Rs 


REGULATOR APPLICATION (B) 


With the addition of a level shifting transistor, Q1, the UC1841 is 
an idea} control circuit for DC to DC converters such as the buck 
regulator shown in Figure B opposite. In addition to providing 
constant current drive pulses to the PIC661 power switch, this 
circuit has full fault protection and high speed dynamic line 
regulation due to its feed-forward capability. An additional feature 


" is the ability to work with high input line voltages — in this case, up 


to 60V — with internal protective clamping. 


4-157 


UC1841 PROGRAMMABLE PWM CONTROLLER IN A SIMPLIFIED FLYBACK REGULATOR (A) 


OC INPUT LINE 


CONTROL VOLTAGE 


+VIN VREF OUT 


U1: UC3705/06/07/09 
MOSFET ORIVER 


OC BULK 


° 


LINE VOLTAGE 
120 220 VAC 


i JUMPER FOR 
Le 


peboiraee 
120V OPERATION 
PRIM RETURN® 


OUTPUT SENSE 


tte 


Alb 
10K 


IG2 


4 Pee ' 
UC3611 


UC3707 
SEE NOTE 


RETURN 


NOTE: UC3707 PINS 1, 4, 5, 7, 12, 13, 16, TO GND. 


1 
Overall schematic for a 300 watt, off-line power converter using the UC 3841 for control 
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SEE APPLICATION NOTE U-114 


FOR COMPLETE CIRCUIT 


- UC1841 
uc2841 
UC3841 


ERROR LATCH INTERNAL CIRCUITRY PROGRAMMABLE SOFT START.AND RESTART DELAY CIRCUIT 


INTERNAL 5V 


Restart Delay = (51) (Rrd) (Crd) 


The Error Latch consists of Q5 and Q6 which, when both on, turns ‘ 
off the PWM Output and pulls the Slow-Start pin low. This latch is 
set by either the Over-Voitage or Current Shutdown comparators, 
or by a High signal on Pin 4. Reset is accomplished by either the 
Reset comparator or a low signal on Pin 4. Anactivation time delay 
can be provided with an external capacitor on Pin 4 in conjunction 
with the = -100yA collector current from Q4. 


CURRENT MODE CONTROL VOLTAGE FEED-FORWARD COMBINED WITH 
a MAXIMUM DUTY-CYCLE CLAMP 


In this circuit, Ri is used in Senlinciod with Cr (not shown) to 
establish a minimum ramp charging current such that the ramp 
voltage reaches 4.2V.at the required maximum output pulse 
width. 


The purpose of Q] is to provide an increasing ramp current above : 
a threshold established by R2:and R3 such that the duty cycle is 
further reduced with increasing Vin. 


The minimum ramp current is: 


Since Pin 10 is a direct input to the PWM comparator, this point Vaer - VINSENSE av 


can also serve as a current sense port for current mode control. In in (MIN) = 

this application, current sensing is ground referenced through Rl Rl 

Res. Resistor R1 sets a 400mvV offset across R2 (assuming R2 > i ie 
Rcs) so that both the Error Amplifier and Fault Shutdown can die vee AGT DERI ENO HCE enue ene Suen 
force the current completely to zero. R2 is also used along with Ce Vie 5 6v (= 

as a small filter to attenuate leading-edge spikes on the load cur- " R3 

rent waveform. In this mode, current limiting can be accom- Above the threshold, the ramp current will be: 

plished by divider R3/R4 which forms a clamp overriding the 

output of the Error Amplifier. 4 Vin- 5.6 = 5.6. 


In (VARIAB) = —— + ———— - 
R 
guege ss 1 R2 R3 


[LJ] ances 2 UC1842/3/4/5 


= UC2842/3/4/5 
ane UNITRODE UC3842/3/4/5 
Current Mode PWM. Controller : a4 
FEATURES DESCRIPTION . 7 
© Optimized for off-line and DC to DC The UC1842/3/4/5 family of control ICs provides the necessary features to implement 
converters : off-line or DC to DC fixed frequency current mode control schemes with a minimal 
© Low start up current (<1mA) : exférnal parts count. Internally implemented circuits includé“undeér-voltage lockout 


© Automatic feed forward compensation featuring start up Current less than ImA, a precision reference trimmed for accuracy at 
© Pulse-by-pulse-current hirniting: the error amp input, logic to insure latched operation, .a-PWM comparator which also 

5 » provides current limit control, and a totem pole output stage designed to source or sink 
¢ Enhanced load response characteristics high peak current. The output stage, suitable for driving N Channel MOSFETs, is low in: 
* Under-voltage lockout with hysteresis the off state. 


' Double pulse suppression Differences between members of this family are the under-voltage lockout thresholds’ 


© High current totem pole output ane and maximum duty cycle ranges. The UC1842 and UC1844 have UVLO thresholds of | - 
@ [nternally trimmed bandgap reference: - T6V (on) and 10V (off), ideally suited to off-line applications. The corresponding ia: 
© 500KHz operation ‘ thresholds for the UC1843 and UC1845 are 8.5V and 7.9V. The UC1842 and UC1843 © 


can.operate to duty cycles approaching 100%. A range. of zero to < 50% is obtained by 
the UC1844 and UC1845 by the addition of an internal toggle flip flop which bianks the 
gutput off-every other clock cycle. : ; Y 


© Low Ro error amp 4 


ABSOLUTE MAXIMUM RATINGS (Noté 1)"° . ‘CONNECTION DIAGRAM 
Supply Voltage (Low Impedence Source) .............0.0. 30V 


$O-16 (TOP VIEW 


Supply Voltage (lec < 30MA) «0.0... eee cece c ee, Self Limitin DIL-8 (TOP VIEW) VIEW) 
Gupte eee 1A NorJPACKAGE = ==: DWPACKAGE~ 
Output Energy (Capacitive Load).........00.....000000.. 5uJ te ee : 
Analog Inputs (Pins 2, 3) ...............0...00. -0.3V to +6.3V 
Error Amp Output Sink Current ............ 000.0... wee. LOMA : 
Power Dissipation at Ta < 25°C (DIL-8) ceviche cc. cocsee 1W 

Derate 8mW/°C for Ta > 25°C 
Power: Dissipation at Ta < 25°C USOMTIA) os eeu eye dies 725mW 

Derate 5.8mW/°C for Ta > 25°C 
Storage Temperature Range ... 0... 0.0500... -65°C to +150°C. 


Lead Temperature (Soldering, 10 Seconds)............. 


Note: 1. Ail voltages are with respect.to Pin 5. re eset 
All currents are positive into the Specified terminal? 


BLOCK DIAGRAM : Se = 


eo 1 5V 7 2 +: 

> zs Hob 

= O a 

.2.50V INTERNAL 
: BIAS 


Sor : q 
: 34V 7 
—44|If 


OUTPUT 


we [273} va } ES 
a eee [Emer BZ 
Stns [3/5] = : COMPARATOR ia es : : 3 eave . 
Note: ares Ninhiber. B = $0-14 Pid Numper.... oe oa ee aes eae 


2. Toggle flip flop used only in 1844 and-1845. 


wit 
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ELECTRICAL SPECIFICATIONS 


UC1842/3/4/5 
UC2842/3/4/5 
UC3842/3/4/5 


(Unless otherwise stated, these specifications apply for -55 Ta 125°C for UC184X; -25 <Ta®B5°€ | 
for UC284X; 0 < Ta < 70°C for UC384X; Vcc = 15V (Note 5); Ry = 10K; Cr = 3.3nF.) Ta=Ty 


., PARAMETER TEST CONDITIONS vezeak MORON i 0 aire 

; ; ; min. | tvP. | max. | MIN. | TYP. |- MAX. 
Reference Section = : a 

Output Voltage F = 25°C, lo = IMA 4.95 | 5.00 | 5.05‘ 4.90 

Line Regulation 12 Vin < 25V 6 

Load Regulation. 1Slos20mA 6 

Temp. Stability (Note 2) 0.2 

Total Output Variation | Line, Load, Temp. (Note 2) 49 4.82 


Qutput Noise Voltage 


10Hz < f < 10KHz, Tj = 25°C (Note 2) 


Long Term Stability 


Qutput Short Circuit | 


Ta = 125°C, 1000 Hrs. (Note 2) 


Oscillator Section 


Anitiat Accuracy 


T; = 25°C (Note 6) 


Voltage Stability 


12 < Vee = 25V 


Temp. Stability 


Tain < Ta S Tmax (Note 2) 


Amplitude 


VPIN 4 peak to peak 


Error Amp Section 


Input Voltage 


Vein 1 = 2.5V 


Input Bias Current 


Output Sink Current | Vein 2=2.7V.Vews=11V | 

Output Source Current Vpwn 2 = 2.3V, Vein 1 = SV -0.5 : -0.5 | .-70. 

Vout High Veiw 2 = 2.3V, Ri = 15K to ground 5 6. es 5 6 Vv 
Vout Low Vein 2 = 2.7V, Ri = 15K to Pin 8 0.7 11 07 1. Vv 


‘Current Sense Section 


Gain 


(Notes 3 & 4) 


Maximum input Signal 


— 


Vein 1 = 5V (Note 3) 


PSRR 


12 < Vec <= 25V (Note 3) 


input Bias Current 


dee 


Delay to Output 


Output Section 


Wena = 0 to 2V - 


Output Low Level 


sink’ = 20MA™ 
Isinx: = 200MA 


Output High Level 


lsource = 20mA 


lsournce = 200mA 


Rise Time 


Tj = 25°C, C, = Inf (Note 2) 150 


Fall Time 


T = 25°C, Ci = 1nF (Note 2) 150 


: of Parameter measured at 


a. Gain defined as: 


A VPIN 3 


_ AVPIN 1 


These parameters, although guaranteed, are not 100% tested in production. 


trip 


point of latch with Vew 2 = 0. 


50 <Vpin 3 £ O8V. 


5. Adjust Vcc above the start th 
6. Output frequency equais osci 


Output frequeney is one half oscillator frequency for the UC1844 and U 


reshold before setting # 15V. 
liator frequency for the UC1842 Wieite 
1845. 
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UC2842/3/4/5 
UC3842/3/4/5 


ELECTRICAL SPECIFICATIONS | (Unless otherwise stated, these specifications apply for -55 < Ta <125°C for UC184X; -25 <Ta<85°C 
for UC284X; 0 = Ta < 70°C for UC384X; Voc = 15V (Note 5); Rr = 10K; Cr = 3.3nF.) Ta=Ty 


PARAMETER ._ TEST.CONDITIONS yozeex UCSSAX Gata 
. ; , MIN. TYP. MAX. MIN. TYP. MAX. 
Under-Voltage Lockout Section 
Start Threshold X842/4 15 16 17 145 | 16 17.5 Vv 
5 X843/5 78 8.4 9.0 7.8 8.4 9.0 Vv 
Min. Operating Voltage X842/4 fo | 10 11 8.5 10 115 Vv 


= After Turn On [ress 0 [7s [a2 [0 [6 | 32 | vd 


X842/3 
X844/5 


Maximum Duty Cycle 


Minimum Duty Cycle 
Totat Standby Current 
-- Start-Up Current EP ; j 
Operating Supply Current Vein 2 = Vein 3 = OV 11 17 11 17 mA 
Vcc Zener Voltage lec = 25mA 34 34 Vv 


Notes: 2. These parameters, although guaranteed, are not 100% tested in production. 
3. Parameter measured at trip point of latch with Vein 2=0. 
4. Gain defined as: 


AV 
= — PINT 0 < Vpn 3 <028V. 
4 VPIN 3 
. Adjust Vcc above the start threshold before setting at 15V. 


. Output frequency equais oscillator frequency for the UC1842 and UC1843. 
Output frequency is one half-oscillator frequency for the UC1844 and UC1845. 


nw 


ERROR AMP CONFIGURATION 


2.50V 


in] 


2 | 
I 
I 
t 


ERROR AMP CAN SOURCE OR SINK UP TO 0.5mA 
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UC1842/3/4/5 
UC2842/3/4/5 
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UNDER-VOLTAGE LOCKOUT 


[~]— — 


ON/OFF COMMAND 


TO REST OF IC 


<1mA 
“UC1842 UC1843 Vec 


yc1s44 | UC1845 : Vorr Von 
16V 8.4V 
10v 7.6V 


During Under-Voitage Lockout, the output driver is biased to sink on 
minor amounts of current. Pin 6 should be shunted to ground with 

a bleeder resistor to prevent activating the power switch with 
extraneous leakage currents. 


eooeeno- 


——_ae ewe oe ee eee ee 


CURRENT SENSE CIRCUIT 


CURRENT 
SENSE 
COMPARATOR 


PEAK CURRENT (Is) IS DETERMINED BY THE FORMULA: 
_LOv 


Rs 
A SMALL RC-FILTER MAY BE REQUIRED TO SUPPRESS SWITCH TRANSIENTS 


igsmax ~ 


OSCILLATOR SECTION 


Deadtime vs Ct (Rt > 5K) ms. Resistance vs Frequency 


GROUND 
~ 03 


] 1-22 47 10 22 47 100 


; ps «Cr = (nF) 100K 
: FREQUENCY —"(Hz) 


172 
RrCr 


For Rr >5K f= 
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UC1842/3/4/5 


UC2842/3/4/5 
: Error Amplifier Open-Loop UC3842/3/4/5 
Output Saturation Characteristics . Frequency Response 
4 sy 
s 80 0 
| 3 a 
8 7 60 -45 
3 Zz a) 
SF 2 & 40 “90 
fe) fo} i 
g K = 20 -135 4 
& SOURCE SAT (Voc -Von) re) = 
> 1 > Av aac Gab 
a 0 4.. to -180 
Sst I L —L ee nee —L < 
OL 02 03.04.05 07 1 2 3 4-5 7 10 10 100 1K 10K 100K aM 10M 


OUTPUT CURRENT, SOURCE OR SINK — (A) : FREQUENCY — (Hz) 


OPEN-LOOP LABORATORY TEST FIXTURE — 


2N2222 - Soo 
ie ucis42 | 
4.7K 


1K 
ERROR AMP. 
ADJUST 


4.7K © OUTPUT 


O GROUND 


High peak currents associated with capacitive loads necessitate : The transistor and 5K potentiometer are used to sample the 
careful grounding techniques. Timing. and bypass capacitors . oscillator waveform and apply an adjustable ramp to pin 3. 
should be connected close to pin 5 in a single point ground. 


SHUTDOWN TECHNIQUES 


Ee eer 4 


3300 ISENse SHUTDOWN —» 


SHUTDOWN — pe 


comparator to be high (refer to block diagram). The PWM latch is 
TO CURRENT reset dominant so that the output will remain tow until the next 
SENSE RESISTOR clock cycle after the shutdown condition at pins 1 and/or 3 is 
. removed. In one example, an externally latched shutdown may be 
Shutdown of the UC1842 can be accomplished by two methods; accomplished by adding an SCR which will be reset by cycling Vcc 
either raise pin 3 above 1V or pull pin.1 belowa voltage two diode _ below the lower UVLO threshold. At this point the reference turns 
drops above ground. Either method causes the outputofthe PWM off, allowing the SCR to reset. : 


4-164 


UC1842/3/4/5 
UC2842/3/4/5 
UC3842/3/4/5 


R1 Ly (Note 2) 


06 
50 DI USD945 
1W 


+5V 
117 VAC 


COM 


+12v 


02 
1N3612 


-O +12V COM 


~12V 


RL 
DS 2.7K 
1N3613 ow 


Power Supply Specifications 5. Output Voltage: 


A, +5V, +5%: 1A to 4A load 
. 1. Input Voltage: 95VAC to 130VAC (50Hz/60Hz) “pe : : 
2. Line Isolation: 3750V Hippie po aae Sos eee 


B. +12V, +3%: 0.1A to 0.3A load 
3. Switching Frequency: 40KHz Ripol ; 24 : 
| 4. Efficiency @ Full Load: 70% ipple voltage: LOOmV P-P Max. 


C. -12V, £3%: 0.1A to 0.3A load 
Ripple voltage: 1OOmV P-P Max. 


SLOPE COMPENSATION 


A fraction of the oscillator ramp can be resistively summed with 
the current sense signal to provide slope compensation for con- 
verters requiring duty cycles over 50%. 


Note that capacitor, C, forms a filter with Ra to suppress the 
leading edge switch spikes. 


UC1842/3 


| IseNSsE 
eee 


Rsense 
Le 2! 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. * P.O, Box 399 © Merrimack, New Hampshire * 03054-0399 
Telephone 603-424-2410 ¢ FAX 603-424-3460 peer 


Isense 


cincurs 
== UNITRODE UC1842A/3A/4A/5A 
UC2842A/3A/4A/5A 
Current Mode PWM Controller. UC3842A/3A/4A/5A 
FEATURES DESCRIPTION 
© Optimized for off-line and DC to DC The UC1842A/3A/4A/5A family of control ICs is a pin for pin compatible improved version of 
converters the UC3842/3/4/5 family. Providing the necessary features to control current mode switched 


Low start up current (<0.5 mA) 
Trimmed oscillator discharge current 
Automatic feed forward compensation over 5 V. 
Pulse-by-pulse current limiting 


mode power supplies, this family has the following improved features. Start up current is 
guaranteed to be less than 0.5 mA. Oscillator discharge is trimmed to 8.3 mA. During 
under voltage lockout, the output stage can sink at least 10 mA at less than 1.2 V for Voc 


The difference between members of this family are shown in the table below. 


Enhanced load response characteristics 


© Under-voltage lockout with hysteresis ere A 

¢ Double pulse suppression UC1843A 

¢ High current totem pole output UC1844A 

© Internally trimmed bandgap reference UC1845A 

© 500KHz operation 

© Low Ro error amp 

‘ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage (Low Impedence Source) ...... cc cece ees 30V 

Supply Voltage (lec < 30MA) «0.0... 0.00.00. 0000, Self Limiting 

Output Current ....0 0... ec ecec eee eeeceeec cee +1A 

Output Energy (Capacitive LOA) ia ass cau vees oe dveeiv ess Sud 

Analog Inputs (Pins 2, 3) .................0.... -0.3V to +6.3V 

Error Amp Output Sink Current ................0..0.5., 10mA 

Power Dissipation at Ta = 25°C (DIL-8) ................... 1W 
Derate 8mMW/°C for Ta > 25°C 

Power Dissipation at Ta < 25°C (S016)... 725mW 
Derate 5.8mW/°C for Ta > 25°C 

Storage Temperature Range ................ -65°C to +150°C 

Lead Temperature (Soldering, 10 Seconds)............. 300°C 


Note: 1. All voltages are with respect to,Pin 5. 
All currents are positive into the specified terminal. 


BLOCK DIAGRAM 


UVLO On UVLO Off 
16.0V 10.0V 
8.5V 7.9NV 
16.0V 10.0V 
-8.5V 7.9V 


CONNECTION DIAGRAM 


DIL-8 (TOP VIEW) 
N or J PACKAGE 


Maximum Duty Cycle 
<100% 
<100% 
<50% 
<50% 


SO-16 (TOP VIEW) 
DW PACKAGE 


NC = NO CONNECTION 


[ = 
Vv 
ce 
S/R} SV 
erouno [5/11] || | 
5.0V 
50mA 
[7/13] 
Vo 
Rr/Cr 14 /6 | 
[ s Aa] 
OUTPUT 
Ves [2/4 | 
comp | 173 | CURRENT { 5 /ro| 
CURRENT NSE POWER 
SENSE [3/5 | COMPARATOR, GROUND 
Note: 1. A= DIL-8 Pin Number. B = SO-16 Pin Number. 
2. Toggle flip flop used only in 1844A and 1845A. 
— 
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UC1842A/3A/4A/5A 
UC2842A/3A/4A/5A 
UC3842A/3A/4A/5A 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for —55 < Ta < 125°C for the UC184XA; —25 < Ta < ; 
85°C for the UC284XA; 0 < Ta < 70°C for the UC384XA; Vcc = 15V (Note 5); Rr = 10K; Cr = 3.3nF; Ta = Ty; Pin numbers refer to DIL-8.) TA=TJ 


UC184X 
i PARAMETER TEST CONDITIONS UC284X UC384x UNITS 
MIN. TyP. MAX. MIN. TYP. | MAX. 
Reference Section : 
Output Voltage T = 25°C, lo = 1mA 495 | 500 | 505] 490 5.00 | 5:10 Vv 
Line Regulation 12 < Vin < 25V 6 20 6 20 mV 
Load Regulation 1 < lo < 20mA 6 25 6 25 mV 
Temp Stbity | Wot a Noe7SCSC~C~“CSC‘“a‘C tw |e | oe | mre 
Total Output Variation Line, Load, Temp. p49 | [53 | Tasz| | sas [| Vv | 
Output Noise Voltage 10Hz < f < 10KHz, T, = 25°C (Note 2) 50 50 WV 
Long Term Stability Ta = 125°C, 1000 Hrs. (Note 2) 5 25 5 25 mv 
Output Short Circuit he -30 -100 -180 -30 -100 -180 mA 
Oscillator ‘Section : 
Initial Accuracy T; = 25°C (Note 6) 57 KHz 
Voltage. Stability 12 < Voc < 25V 1 % 
Temp. Stability Tain < Ta < Tmax (Note 2) % 
Amplitude T Vpin 4 peak to peak v 
Discharge Current : L Tye 20°C Newa’= 20 ae me 
Vena = 2V 88 mA 
[ Error Amp Section 
Input Voltage [ven = 25V 
Input Bias Current 
Avo 2<Vo < 4V 
[nity Gain Bandwidth (Note 2) Ty = 25°C 
PSRR [12 < Veo < 25V 
Output Sink Current Vein 2 = 2.7V, Vena = LIV 
Output Source Current Vein2 = 2.3V, Vena = 5V 
Vout High Vein 2 = 2.3V, Ri = 15K to ground 
Vout Low Vewe2 = 2.7V, RL = 15K to Pins 
Current Sense Section 
Gain (Notes 3 & 4) 
[_ Maximum input Signal ce Ve 1 = 5V (Note 3) V 
PSRR 12 < Vcc < 25V (Note 3) dB 
[ Input Bias Current 
Delay to Output (Note 2) Vews = 0 to 2V. 
Output Section 
Output Low Level 
gr High Level IsoURCE 
Isounce = 200mA 
Rise Time Tj = 25°C, C, = 1InF (Note 2) ns 


Fall Time 
UVLO Saturation 


Tj = 25°C, C_ = InF (Note 2) 
Veco = 5V Isink = 10mA 


Notes: 2. These parameters, although guaranteed, are not 100% tested Output frequency is one half oscillator frequency for the UC1844A and 
in production. UC1845A. 
3. Parameter measured at trip point of latch with Vein 2 = 0. 7. “Temperature stability, sometimes referred to as average 
4. Gain defined as: temperature coefficient, is described by the equation: 
AVpIN1 Temp Stability = Vref (max) ~ Vref (min) 
= Vos ;0< Veins < 0.8V. Tj (max) - Tj (min) 
' PINS : Vref (max) & Vref (min) are the maximum & minimum reference 
5. Adjust Vcc above the start threshold before setting at 15V. voltage measured over the appropriate temperature range. Note that 


6. Output frequency equals oscillator frequency for the UC1842A 4-167 __ the extremes in voltage do not necessarily occur at the extremes. in 
and UC1843A. temperature.” 


UCI842A/3A/4A/5A 
UC2842A/3A/4A/5A 
; — ; - UC3842A/3A/4A/5A 
ELECTRICAL CHARACTI ERISTICS (Unless otherwise stated, these specifications apply for —55 < Ta < 125°C for the UC184XA; -25 <Ta< 
85°C for the UC284XA: 0 < Ta < 70°C for the UC384XA; Vcc = 15V (Note 5); Rr =-10K; Cy = 3.3nF: Ta = Ty; Pin numbers refer to DIL-8.) 
TA=TJ 


. ‘ UC184x 
PARAMETER TEST CONDITIONS UC284x UCAEAR 


MIN. | TYP. | MAX. | MIN. | Typ. | max. 


Under-Voltage Lockout Section : : ; ; 
Start Threshold . X842A/4A 15 16 17 145 | -16 17.5 V 


XEASASA Patan 7 
Min. Operating Voltage X842A/4A | 9 | 10 | 11 85 10 11.5 


V 

"After Turn On X843A/5A 70 | 76 | 82 [ 70 [ 76 | 82 | v 
PWM Section : 

Maximum Duty Cycle X842A/3A 94 96 | 100 | 94 96 100 % 

X844A/5A i 47 48 50 47 48 50° | % 

Minimum Duty Cycle ZA 0 0 % 
Total Standby Current 

Start-Up Current 03 | 085 03 | 05 mA ° 

Operating Supply Current Vein 2 = Vein 3 = OV 11 17 11 17 mA 


Vcc Zener Voltage. loc = 25mA . 34 34 Vv 


Notes: 2. These parameters, although guaranteed, are not 100% tested in production. 
3. Parameter measured at trip point of latch with VPIN 2 = O. 
4. Gain defined as: 


_ 4 Vein + 
4 Vein 3 
5. Adjust Vcc above the start threshold before setting at 15V. 


6. Output frequency equals oscillator frequency for the UC1842A and UCI843A. 
Output frequency is one half oscillator frequency for the UC1844A and UC1845A. 


A > 0 < Vpin3 < O.8V. 


ERROR AMP CONFIGURATION 


_ ERROR AMP CAN SOURCE. ‘AND SINK UP TO 0.5 mA, AND SINK UP TO 2 mA. 
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UC1842A/3A/4A/5A 
UC2842A/3A/4A/5A 
UC3842A/3A/4A/5A 


UNDER-VOLTAGE LOCKOUT 


ON/OFF COMMAND 
TO REST OF IC 


UC1842A | UC1843A 
UC1844A | UC1845A 


ee ee ee ee ee ee ee ee a 


During UVLO, the Output is low. 


CURRENT 
SENSE 
COMPARATOR 


PEAK CURRENT (is) IS DETERMINED BY THE FORMULA: 
1.0V 
TR 
A SMALL RC FILTER MAY BE REQUIRED TO SUPPRESS SWITCH TRANSIENTS. 


Ismax = 


Error Amplifier Open-Loop 


Output Saturation Characteristics Frequency Response 

4 a 
= Voc = 15V 
1 3PF t,s+25°° —— 2 
irl ~~ 
g Tas 55°C ——m | 
5 Z z 
o <= x 
> 2 oO B 
Fal 8 oe 
= < \ 
< Lan ~ 
$ 3 2 

l 
3 a 

SINK SAT (Vou) 
0 i al 
01 02 03.04.05 07 1 2 345 7 10 Cs 100 a 20K 100K 1M 10m 
OUTPUT CURRENT, SOURCE OR SINK — (A) FREQUENCY — (Hz) 
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UC1842A/3A/4A/5A 
UC2842A/3A/4A/5A 
UC3842A/3A/4A/5A 


— 


OSCILLATOR SECTION 


For Rr > 5K 


1.72 
RrCr 


Maximum Duty Cycle vs Timing Resistor 
a ie 


tia Be 
LZ | 
wae 


800 H 

2 @ oH 
5 3 wool 
2 | 
z . & 
a a EF 

= 

g 3 400-4 
3 I 
3 2 4 
= 200} 

— a 

rH |] 

A = 

300 1,00k 3.00k 10.0k 30.0k 100k 300 100k 
Ry (ohms) R, (ohms) 


OPEN-LOOP LABORATORY TEST FIXTURE 
——— 


ERROR AMP 
ADJUST 


47K 


© OUTPUT 


ISENSE 
ADJUST 


O GROUND 


High peak currents associated with capacitive loads necessitate The transistor and 5K potentiometer are used to sample the 
careful grounding techniques. Timing and bypass capacitors oscillator waveform and apply an adjustable ramp to pin 3. 
should be connected close to pin 5 in a single point ground. 
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UC1842A/3A/4A/5A 
UC2842A/3A/4A/5A 
UC3842A/3A/4A/5A 


OFFLINE FLYBACK REGULATOR 


D6 Li (Note 2) 
USD945 —— 


UFS1002 
N12 


02 
1N3612 


- £12V COM 


N12 


@ D8 
UES1002 


USD1120 


05 
1N3613 


5. Output Voltage: 


Power Supply Specifications 
A. +5V, £5%: 1A to 4A load 


1. Input Voltage: 95VAC to 130VAC (50Hz/60Hz) Ripple voltage: 50mV P-P Max. 
2. Line Isolation: 3750V ; B. +12V, +3%: 0.1A to 0.3A load 
3. Switching Frequency: 40KHz Ripple voltage: 100mV P-P Max. 


4. Efficiency @ Full Load: 70% = C. -12V, £3%: 0.1A to 0.3A load 
Ripple voltage: 100mV P-P Max. 


SLOPE COMPENSATION 


A fraction of the oscillator ramp can be resistively summed with 
the current sense signal to provide slope compensation for con- 
/ verters requiring duty cycles over 50%. 


Note that capacitor, C, forms a filter with Re to suppress the 
Rr/Cr [4 | leading edge switch spikes. 


| ISENsE 


i Rsense 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. ¢ P.O. Box 399 * Merrimack, New Hampshire * 03054-03383 


Telephone 603-424-2410 * FAX 603-424-3460 4-171 


cmeuns UC1846 UC1847 


a UNITRODE UC2846 UC2847 
Current Mode PWM Controller UC3846 UC3847 


FEATURES DESCRIPTION 

© Automatic feed forward compensation The UC1846/1847 family of control ICs provides ali of the necessary features to imple- 

@ Programmable pulse by pulse current , Ment fixed frequency, current mode control schemes while maintaining a minimum 
limiting external parts count. The superior performance of this technique can be measured in 

* Automatic symmetry correction in push- improved line regulation, enhanced load response characteristics, and a simpler, easier- 
pull configuration to-design contro! loop. Topological advantages include inherent pulse-by-pulse current 

® Enhanced load response characteristics limiting capability, automatic symmetry correction for push-pull converters, and the 


¢ Parallel operation Capability for modular ability to parallel “power modules” while maintaining equal current sharing. 
power systems 


® Differential current sense amplifier with Protection circuitry includes built-in under-voltage lockout and Programmable current _ 
wide common mode range limit'in addition to soft start capability. A shutdown function is also available which can 

© Double pulse suppression initiate either a complete shutdown with automatic restart or latch the supply off. 

© 500mA (peak) totem-pole outputs : 

© +1% bandgap reference Other features include fully latched operation, double pulse suppression, deadtime 

© Under-voitage lockout adjust capability, and a +1% trimmed bandgap reference. 

© Soft start capability 

© Shutdown terminal The UC1846 features low outputs in the OFF state, while the UC1847 features high 

© 500kHz operation outputs in the OFF state. 


BLOCK DIAGRAM 


5.1V 
VIN [15] REFERENCE VREF 
iE REGULATOR 2 


SYNC [10] ee ee 
UY, 
nt | ae 
or{a , F/F | << 
a pT) ~S A ouT | 
: Ese A our FL 


a ‘ UC1846 | 
~)CUR ‘ 
ANSE > \ eae OUTPUT STAGE | 
UC1847 
+)CUR ( 
GeRige 4} 4 So So i. il OUTPUTS INVERTED, 


=> ae fi4] 2 our_SL| 
. . | 
a Fm 


[1] CURRENT LIMIT 
(|) ADJUST 
0.5mA 
[16] SHUTDOWN 
NU [5] 
INV. [6] 
comp = 


6K 


4 
i 
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uci846 UC1847 
UC2846 UC2847 
UC3846 UC3847 


ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAM 
Supply Voltage (Pin 15) ....... ec ceeeee cee e tren terre tenet ete ester nce eet ees +40V 
Collector Supply Voltage (Pin 13).........0.cceee eee ee neste renee ret erent tes +40V DIL-16 (TOP VIEW) 
Output Current, Source or Sink (Pins 11, 14) 500mA Jor N PACKAGE 
Analog Inputs (Pins 3, 4, 5, 6,16) .........+- . 70.3V to +Vin 
Reference Output Current (Pin 2) ....... ese eee etre tenet een eet tees oo alana -30mA. CURRENT LS 
Sync Output Current (Pin 10) .......ee cee ee eee ee eect a bee tenets reset tees -5mA Pee [16] SHUTDOWN 
Error Amplifier Output Current (Pin 7) 2.0.0... cece cere ene e erect eet teen enees -5mA : 
Soft Start Sink Current (Pin 1) ....ccccceceeeeceee eee eee este een ene necnetnetens 50mA Veer 15] Vow 
Oscillator Charging Current (Pin. 9) .......-seeceeee eee e tent eee nee er renee n nes 5mA (-) CURRENT "a output B 
Power Dissipation at Ta = 25°C ........ cee eee cette eet e net e nent eter renee 1000mW (4) CURRENT 
Derate at 1OmW/°C for Ta above 50°C SENSE Ve 
Power Dissipation at Tc = 25°C «0.2... see e eee teen n erent eee eee e ees 2000mWw (+) ERROR AMP . GROUND 
Derate at 16mW/°C for Tc above 25°C , 
Thermal Resistance, Junction to Ambient .........-.eecee cere eee ene eens 100°C/W (-) ERROR AMP - {LL} OUTPUT A 
Thermal Resistance, Junction to Case ....... cece eee reer teen etter cence neees 60°C/W 
Storage Temperature Range ..........se eee eeeere rete re tee rere eees -65°C to +150°C COMPENSATION Syne 


Lead Temperature (soldering, 10 SECONGS) 20... cece erence erence eee ne eees +300°C ; . Cr Rr 


Note: 1. All voltages are with respect to Ground, Pin 13. 
Currents are positive into, negative out of the specified terminal. 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for T,.= -55°C to +125°C for UC1846/UC1847; 
~25°C to +85°C for the UC2846/UC2847; and @°C to +70°C for the UC3846/3847; Vix = 15V, 
Ry = 10k, Cy = 4.7F) Ta = Ty 


vaste ieiany | vow | a | 
PARAMETER TEST CONDITIONS —_— NITS 
L | MIN. | TYP. | MAX. | MIN. | TyP. | MAX. 


[ Reference Section 
Output Voltage 


[5.05 | 5.10] 5.15 | 5.00 | 5.10 | 5.20 


Tj = 25°C, lo= 1mA 


Line Regulation asstoav i, ~sdT 8 | of | 5 | 20 | 
Load Regulation [usimiioma it id a | [8 [as | 
Temperature Stability Over Operating Range, (Note 2) ; ; 
Total Output Variation Line, Load, and Temperature (Note 2) 
Output Noise Voltage ~ | 10Hz <f = 10kHz, T, = 25°C (Note 2) “| 
Long Term Stability T; =125°C, 1000Hrs., (Note 2) mv 
Short Circuit Output Current | Vaer = OV mA | 
Oscillator Section ‘ 
Initial Accuracy “TT, = 25°C 
|” Voltage Stability Vin = 8 to 40V 
Temperature Stability Over Operating Range (Note 2) 
|__ Syne Output High Levet 
Sync Output Low Level 
| Sync Input High Level [Pin 8 =0V 
Sync Input Low Level | Pin 8=0V 
[ Sync Input Current _| Sync Voltage = 3.9V, Pin 8 = OV 
Error Amp Section / 
Input Offset Voltage 
| Input Bias Current C 


Input Offset Current ‘ 
[_ Common Mode Range Vin = 8 to 40V 
Open Loop Voltage Gain AVo = 1.2 to 3V, Vem = 2V 


y Unity.Gain Bandwidth et = 25°C (Note 2) 

CMRR Vem = 0 to 38V, Vin = 40V 

PSRR Vin = 8 to 40V 

Output Sink Current Vio = -15mV to -5V, Vein 7 = 1.2V 
[ Output Source Current Vio = LSMV to 5V, Vein 7 = 2.5V 
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UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847 


ELECTRICAL CHARACTERISTICS (Unless otherwise Stated, these specifications apply for Ta = -55°C to +125°C for UC1846/UC1847; 


-25°C to +85°C for the UC2646/UC2847; and 0°C to +70°C for the UC3846/3847: Va, = 15V, 
Ry = 10k, Cr = 4.7nF) Ty = T, 


PARAMETER 


High Level Output Voltage 
Low Level Output Voltage 


Error Amp Section (continued) 


TEST CONDITIONS 


UC1846/UC1847 
Uc2846/UC2847 | UC3846/UC3847 


Ru = (Pin 7) 15kO 


43 | 46 43 ]46] | 
ee 


Current Sense Amplifier Section 
Amplifier Gain Vein 3 = OV, Pin 1 Open (Notes 3 & 4) 25 | 2.75] 3.0 25 | 2.751 3.0 7 
Maximum Differential Pin 1 Open (Note 3) ll 12 Ll fei 2 Vv 
Input Signal (Vpin «-Vpin 3) Ri (Pin 7) = 15kQ z ; i is 
Vem 3 = 0.5V | 
Pini — UL . 
Input Offset Voltage Pin 7 Open (Note 3) l 5 25 5 25 mV 
|__CMRR Vom = 1 to 12V 60 at 83 60 | 83 | dB 
PSRR Vin = 8 to 40V 60 84 12 60 LL 84 dB 
Input Bias Current Vein 1 = 0.5V, Pin 7 Open (Note 3) -2.5 | -10 | 72.5 -10 uA ca 
Input Offset Current Vein 1 = 0.5V, Pin 7 Open (Note 3) 0.08 1 Los ~ 1 HA 
r Input Common Mode Range ; ; : 0 [V3 ie) Vin-3 Vv 
Delay to Outputs Tj = 25°C, (Note 2) 200 L 500 | 200 | 500 ns 
Current Limit Adjust Section - 
= hoor Ven 3 = OV, [ T 
Current Limit Offset Ven «= OV, Pin 7 Open (Note 3) 0.45 | 05 | 055 | 0.45} 05 | 0.55 v | 
Input Bias Current Veins = Vaer, Veine = OV . ~10 | -30 -10 -30 uA 
Shutdown Terminal Section 
Threshold, Voltage 


Input Voltage Range _ 


Minimum Latching 
Current (lpin 1) 


(Note 6) 


Maximum Non-Latching 


Current (lpia 1) 
Delay to Outputs 


(Note 7) 


Tj = 25°C (Note 2) 


Output Section 


Collector-Emitter Voltage 


Collector Leakage Current 


Ve = 40V (Note 5) 


Output Low Levet 


Output High Level 


Isinx = 20mA 


Isink = 100MA 
Isource = 20mMA 
lsounce = 100mA 


Threshold Hysteresis 


Rise Time Ci = InF, T; = 25°C (Note 2) 50 | 300 50 | 300 | ns | 
~ Fall Time: La = InF, T = 25°C (Note 2) io 50 |_ 300 50 300 ns 
Under-Voltage Lockout Section 

Start-Up Threshold 8.0 Vv 


| Total Standby Current ‘ 


|__ Supply Current 


oe 


a Par Tar To 


Notes: 


2. These parameters, aithough guaranteed over the recommended 
operating conditions, are not 100% tested in production. 
3. Parameter measured at trip point of latch with Vein s = Vner, Vein 6 = OV. 


AVein 7 
AVpin 4 


4. Amplifier gain defined as: 
is Gs 


| AVpin 4 = 0 to 1.0V 
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5. Applies to UC1846/UC2846/UC3846 only due to polarity of outputs. 
6. Current into Pin 1 guaranteed to latch circuit in shutdown state. © 
7. Current into Pin 1 guaranteed not to latch circuit in shutdown State. 


uC1846 UC1847 
UC2846 UC2847 


APPLICATIONS DATA UC3846 UC3847 
Oscillator Circuit 


SAWTOOTH 
{PIN 8) 


(rN 10) | | | 
a+ oe 


OUTPUT DEADTIME (7a) 


Output deadtime is determined by the external capacitor, Cr, according to the formula: Ta (us) = 145Cy (uf) 12 
For large values of Rr: Ta (uS) ~ 145Cr (uf) 12- 3.6 
22 Rr (kQ) 
Oscillator frequency is approximated by the formula: fr (kHz) = ——————_— 
Rr (kQ) Cr (uf) 


Error Amp Output Configuration Error Amp Gain and Phase vs Frequency 


3SWHd dOOT-N3d0 


OPEN-LOOP VOLTAGE GAIN (dB) 


FREQUENCY (Hz) 


OPEN LOOP VOLTAGE GAIN (dB) 


0 10 20 30 40 50 60 70 80 90 
OUTPUT LOAD RESISTANCE, Ru (K-OHMS) 
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100 


UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847. 


MASTER 
SYNC COMP -E/A 
10 7 6 
wr—— | avn OUTPUT 


Parallel Operation 


FILTERS 


COMP -E/A 


SLAVE 
(ADDITIONAL UNITS) 


Slaving allows parallel operation of two or more 
units with equal current sharing. 


Pulse by Pulse Current Limiting 


Re Vaer 


Peak Current (is) is determined by the formula: Ig= RitRe 
3Rs 
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3 ; UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847 


i 


Soft Start and Shutdown/Restart Functions 


1 }CURRENT 


SHUTDOWN WITHOUT AUTO-RESTART (LATCHED) 


CURRENT LIMIT 
{PIN 1) 


SHUTDOWN 
{PIN 16) 


v 
“= <0.8mA “2st. > 3mA (LATCHED OFF) 


Vaer 
if —— > 3mA, the device will latch off 
oJ 


Veer 
{f —— <0.8mA, the shutdown latch will commutate 


1 


when ls = 0.8mA and a restart cycle will be initiated. until power is recycled. 
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UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847 


Current Sense Amp Connections 


A small RC filter may be required in some applications to reduce switch transients. 
Differential input altows remote, noise free sensing. 


UC1846 OPEN LOOP TEST CIRCUIT 


TIMING RESISTOR: 


FREQ. SET & 


MAX DUTY CYCLE Ry O © Vrer (+5 V OUTPUT) 


AWT 
= nor TIMING 


Lek cap Cc, O 


+5V 


2N 
222 


ISENSE 
ADJUST 1K 


(= 1V Pk} 


SHUTDOWN 


(+12V) 


DUTY CYCLE 
ADJUST 


INV © 


CURRENT LIMIT 1K 


ADJUST. 10 TURN O Is- 


GROUND FOR 
NORMAL OPERATION 


—BYPASS CAPS SHOULD BE LOW ESR & ESL TYPE: 
— SHORT PINS 6 & 7 FOR UNITY GAIN TESTING. 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. * P.O. Box 399 * Merrimack, New Hampshire ¢ 03054-0399 


Telephone 603-424-2410 © FAX 603-424-3460 
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{ J INTEGRATED UC1846A 


UC2846A 
Improved Current Mode PWM Controller 
ADVANCED INFORMATION 
FEATURES Fi . DESCRIPTION 
* High current dual totem pole outputs The UC1846A is a high performance version of the popular UC1846 series of current mode 
(1:5A peak) controllers, and is intended for bothrdesign upgrades and new applications where speed 


and accuracy are important. Attinput to output delays have been minimized with no increase 
in quiescent current. Fast, 4.5 amp peak output stages have been added to allow rapid 
switching of power FETs. 


© {mproved current sense amplifier with 
: reduced noise sensitivity 


© 400ns delay from shutdown, oscillator, 


and current seris® inputs to output Internal chip grounding has been improved to eliminate internal “noise” caused when driving 


. : ; large capacitive loads. This, in conjunction with an improved differential current sense 
* Differential current sense amplifier _ amplifier, results in enhanced noise immunity. 


with 3 volts common mode range F : ‘ 
é 9 A dual function sync pin with TTL thresholds functions as a syne output in the normal mode, 


© Trimmed oscillator discharge current— and as async input if Rt (pin 5) is tied to Vret (pin 16). 
10ma, 6% guaranteed 

* Accurate shutdown threshold—t volt, 
5% guaranteed 


© TTL compatible oscillator sync pin 
thresholds 


Other features include a trimmed oscillator discharge current (5%) for accurate frequency 
and dead time control, a 5%, 1 volt shutdown threshold, and 2kv minimum ESD protection 
on all pins. ; 


BLOCK DIAGRAM 


5.1V 
REFERENCE 
REGULATOR 


3 Uv 
fT] ose. | 
FF 
<J 45v ‘a 
T = 
. ; | Q 


=> 


CURRENT LIMIT 
ADJUST 


SHUTDOWN 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. « P.O. Box 399 © Merrimack, New Hampshire ¢ 03054-0389 
Telephone 603-424-2410 « FAX 603-424-3460 
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INTEGRATED 
CIRCUITS 


aa UNITRODE 


Programmable, Off-Line, PWM Controller 


FEATURES 

* All Control, Driving, Monitoring, and 
Protection Functions Included 

¢ Low-Current Off Line Start Circuit 

Voltage Feed Forward or Current Mode 

Control 

¢ High Current Totem Pole Output 

50% Absolute Max Duty Cycle 

* PWM Latch for Single Pulse Per Period 

¢ Pulse-by-Pulse Current Limiting Plus 

Shutdown for Over-Current Fault 

No Start-Up or Shutdown Transients 


* Slow Turn-On Both Initially and After 
Fault Shutdown 


‘Shutdown Upon Over or Under Voltage 
Sensing 

Latch Off or Continuous Retry After Fault 
© 1% Reference Accuracy 
© 500kHz Operation 
18 Pin DIL or 20 Pin PLCC Package 


BLOCK DIAGRAM 
Vin 
1 SENSE 
ka i se 
Bile clock jp Lsen T Vj 
wer [2F= | ove eT 
DRIVE DRIVER 
cow ee [rae 
INT. CIRCUIT REF GEN 5.0V REF 
INV. Bi Power} Z\ | AND BIAS o 
INPUT LZ] > ; [Re 
NA. 
= i Ls . PWM 
we 5 jaar as 
PWM 
a WD SP jor 
HYSTRESIS ATH 
INT 
CURRENT = SON REE 
LIMIT 
THRESHOLD Cy [5 | RESET 
CURRENT [> me 
SENSE > 
SJ 
400mv 
LOW 
SENSEL3 | Jor) START/ 
5 | 8 | DUTY 
REF GLa 
Ses i Jor) 7\ ev CLAMP 
STOP LATCH 
Group [13}——,_ oe 
L _j 


UC1851 
UC2851 
UC3851 


DESCRIPTION 

The UC1851 family of PWM controllers are optimized for off-line primary side control. © 
These devices include a high current totem pole output stage and a toggle flip-flop for 
absolute 50% duty cycle limiting. in all other respects this line of controllers is pin for pin 
compatible with the UC1841 series. Inclusion of all major housekeeping functions in these 
high performance controllers makes them ideal for use in cost sensitive applications. 


Important features of these controllers include low current start-up, linear feed-forward 
for constant volt-second operation, and compatibility with both voltage or current mode 
control. In addition, these devices include a programmable start threshold, as well as pro- 
grammable over-voltage, under-voltage, and over current fault thresholds. The fault latch 
on these devices can be configured for automatic restart, or latched off response to a fault. 


These devites are packaged in 18-pin plastic or ceramic dual-in-line packages, or for 
‘Surface mount applications, a 20 Pin PLCC. The UC1851 is characterized for — 55°C to 
+ 125°C operation while the UC2851 and UC3851 are designed for —25°C to +85°C 
and 0°C to + 70°C, respectively. 
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UC1851 


UC2851 
UC3851 

ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAMS 
Supply Voltage, +Vin (Pin 15) 7 TOP VIEWS 

Voltage Driven ..... 6... c ccc eee teeter nent e ne eees +32V DIL-18, J or N PACKAGE 

Current Driven, L1OOMA maximum ........5..52-- Self-limiting it! ‘ 
PWM Output Voltage (Pin 12) ...........ceeeeee eee e eee eeens 40V ; PACKAGE PIN FUNCTIONS 
PWM Output Current, Steady-State (Pin 12)...........++.- 400mA FUNCTION DIL _| PLCC 
PWM Output Peak Energy Discharge ............+8-55 20puJoules 2 COMP 1 | 1 | 
Driver Bias Current (Pin 14) 0.2... 0. cece eee eee renee -200mA 3 
Reference Output Current (Pin 16).........-- eee tee eens -50mA 4 Sse . : : 
Slow-Start Sink Current (Pin 8)...6... 00. cece eee ence nee 20mA | ri FI 
Vin Sense Current (Pin 11) .......0eceeeeereceeenec eeu eaes 10mA 5 STOP 
Current Limit-Inputs (Pins 6 & 7) 2.0... . cece eee eee -0.5 to +5.5V 6 RESET 5 4 5 | 
Stop Input (Pin 4)....... 02.6: e cece ewes ER Reet -0.3 to +5.5V ; CUR THRESH 6 7 
Comparator Inputs t CUR SENSE 7 8 ‘| 

(Pins 1-7, 9-11, 16) .........--008- Internally clamped at 12V 8 SLOW START 8 9 
Power Dissipation at Ta = 25°C ......... eee cence ences 1000mW 9 RT/CT 9 10 

Derate at 10mW/°C for Ta above 50°C TS TH L 7 
Power Dissipation at To = 25°C 2.00... eee eee ee eee eee 2000mW PLCC-20 Vin SENSE li 12 | 

Derate at 16mW/°C for Tc above 25°C Q PACKAGE PWM OUT 12 13 
Thermal Resistance, Junction to Ambient .............5 100°C/W GROUND ri v1 
Thermai Resistance, Junction to Case ............. 0. eee 60°C/W | 
Operating Junction Temperature ..........--.66 -55°C to +150°C DRIV BIAS { 14 | 15 
Storage Temperature Range ............-++ aes. 765°C to +150°C +Vin SUPPLY 15 7 : 
Lead Temperature (Soldering, 10 sec).......-+--seeeeeee +300°C 5.0V REF “| 16 18 
Notes: 1. ~All voltages are with respect to ground, Pin 13. [inv INPUT 17 19 "| 

- Currents are positive-into, negative-out of the specified terminal. 9 10111213 N.1. INPUT [ 18 20° 
2. All pin numbers are referenced to DIL-18 package. : 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for T, = —55°C to + 125°C for the UC1851, 
~25°C to +85°C for the UC2851, and 0°C to 70°C for the UC3851; Vin = 20V, Rr = 20ka, 
Cy = .001mfd, Rp = 10k2, Cp = .001mfd, Current Limit Threshold =200mV). Ta=TJ 


UC1851 
PARAMETER TEST CONDITIONS ee UNITS 
Min. | TYP. [MAX. | MIN. | TYP. | MAX. . 
| Power Inputs 
Start-Up Current | Vin = 30V, Pin 2 = 2.5V, ] 4.5 6 a 6 mA 
Operating Current Vin = 30V, Pin 2 = 3.5V 15 21 15 21 | mA 
33 


Supply OV Clamp ; Vin = 20mA 39 | 45 Vv 


Reference Section 


Reference Voltage - Ty = 25°C 495} 5.0 |5.05] 49 | 5.0 q 5.1 Vv 
[ Line Regulation [ Vin = 8 to 30V 10 15 _| 10 20 f mV 
Load Regulation IL = 0 to 10mA : 10 20 10 i 30 mV | 
Temperature Stability Over operating temperature range 4.9 | 5.1.74 as | 5.15 Vv 
Short Circuit Current : | Vaer = 0, Ty = 25°C -80 |-100 80 }-100} mA 
Oscillator ~ 
Nominal Frequency [Ty = 25° 47 | 50 | 53 | 45 | 50 | 55 | kHz 
Voltage Stability Vin = 8 to 30V 0.5 1 0.5 i 1 % 
Temperature Stability Over operating temperature range 45 55 | 43 57 kHz 
Maximum Frequency [ Rr = 2ka, Cr = 330pF 500 | 500 | kHz | 
Ramp Generator 
* Ramp Current, Minimum Isense = ~LOuA -l1 | ~14 { -11 |] -14 pA 
Ramp. Current, Maximum ; Isense = 1.0MA -0.9 | -.95 | -0.9 | -.95 mA 
Ramp Valley 03 !o04]o6]o3|o4|[o06]° v 
Ramp Peak Clamping Level 39 142),45 4739 | 42 | 45 Vv 
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UC1851 
UC2851 
UC3851 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for T, = —55°C to +125°C for the UC1851, 
: - 25°C to +85°C for the UC2851, and 0°C to 70°C for the UC3851; Vij = 20V, Ry = 20k2, 
Cy = .001mfd, Rp = 10k2, Cp = .001mtd, Current Limit Threshold = 200mV). Ta=Ty 


UC1851 


ucza51 UC3851 
PARAMETER TEST CONDITIONS UNITS 
: MIN.| TYP. | MAX. min. | Tye. [Max. 

Error Amplifier ; 

Input Offset Voltage Vom = 5.0V 

Input Bias Current 

Input Offset Current 

Open Loop Gain AVo = 1 to 3V 


Output Swing 
(Max. Output < Ramp Peak ~ 100mv) 


Minimum Total Range 


CMRR 


Vom = 1.5 to 5.5V 


PSRR 


Vin = 8 to 30V 


Short: Circuit Current 


Vcomp = OV 


Gain Bandwidth* 


Ty = 25°C, Avot = 0dB 


Slew Rate* 


Ty = 25°C, Avec = 0dB 


PWM Section 


lsource = 20MA 
Isource = 200mA 


Continuous Duty Cycle Range* Minimum Total Continuous Range 
(other than zero) Ramp Peak < 4.2V ; 


Output High Level 


Output Saturation lout = 20mA P 0.4 
Output Saturation lour = 200mA ‘ 2.2 
Pin 8 to Pin 12 
Comparator Delay* Ty = 25°C, RL = 1ka 300 | 500 300 | 500 ns 


Sequencing Functions 
Comparator Thresholds 


Pins 2, 3,5 2.8 | 3.0 | 3.2 | 28 | 30] 3.2 Vv 


Input Bias Current Pins 3,5 = OV -1.0] -4.0 -1.0]-4.0 | yA 
Input Leakage Pins 3,5 = 10V 0.1 | 2.0 01] 20] uA 
Start/UV Hysteresis Current Pin 2 = 2.5V, 170 | 200 | 220 | 170 | 200 | 230 “pA 

” Ext. Stop Threshold Pin 4 08/16) 24108 | 1.6 
Error Latch Activate Current Pin 4 = OV, Pin 3> 3V -120] -200 -120|-200 | uA _| 
Driver Bias Saturation Voltage, Vin - Vou le = ~50mA x 2 3 2 3 Vv 
Driver Bias Leakage Va = OV -0.1} -10 -0.1 | -10 uA - 
Siow-Start Saturation Is = 10mA ; 0.2 | 0.5 0.2 | 0.5 Vv. 
Slow-Start Leakage Vs = 4.5V 0.1} 2.0 O01 | 2.0 uA 


Current Control 


Current Limit Offset 0 10 mV. 
Current Shutdown Offset 400 | 440 mv 
Input Bias Current Pin 7 = OV -2 “6: uA 
Commor, Mode Range* : 3.0: Vv 

Current Limit Delay* Ty = 25°C, Pin 7 to 12, Rt = 1k 200 | 400 ns 


*Guaranteed by design. Not 100% tested in production. 
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FUNCTIONAL DESCRIPTION 


UC1851 
UC2851 
UC3851 


PWM CONTROL 


1. Oscillator: 


. Ramp Generator: 


Generates a fixed-frequency internal clock from an external Ry arid Cr. 


Frequency = where Kg is a first-order correction factor ~ 0.3 log (Cr X 10' 2). 


Ke 
RrCr 


, : dv sense voltage 
Develops linear ramp with slope defined externally by ~~ ="——_3_ 
. dt RrCr 
Cr is normally selected < Cr and its value will have some effect upon valley voltage. 
Limiting the minimum value for lsense into pin 11 will establish a maximum duty cycle clamp. 


Cr terminal can be used as an input port for current mode control. 


. Error Amplifier: 


Conventional operational amplifier for closed-loop gain and phase compensation. 
Low output impedance; unity-gain stable. 
The output is held low by the slow start voltage at turn on in order to minimize overshoot. 


. Reference Generator: 


Precision 5.0V for internal and external usage to 50mA. 
Tracking 3.0V reference for internal usage only with nominal accuracy of + 2%. 
40V clamp zener for chip OV protection, 10OmA maximum current. 


. PWM Comparator: 


Generates output pulse which starts at termination of clock pulse and ends when the ramp input. 
crosses the lowest of two positive inputs. 


. PWM Latch: 


Terminates the PWM output pulse when set by inputs from either the PWM comparator, the. pulse: 
by-pulse current limit comparator, or the error latch. Resets with each internal clock pulse. 


. PWM Output Switch: 


Totem pole output stage capable of sourcing and sinking 1 amp peak current. The active ‘‘on” state 
is a high. 


SEQUENCING FUNCTIONS 


1. Start/UV Sense: 


With an increasing voltage, this comparator generates a turn-on signal and releases the slow-start 
clamp at a start threshold. 


With a decreasing voltage, it generates a turn-off command at a lower level separated by a 200uA 
hysteresis current. 


2. Drive Switch: 


Disables most of the chip to hold internal current consumption low, and Driver Bias OFF, unti! 
input voltage reaches start threshold. 


3. Driver Bias: 


Supplies drive to external circuitry upon start-up. 


4. Slow Start: 


Clamps low to hold PWM OFF. Upon release, rises with rate controlled by RsCs for slow increase of 
output pulse width. 


Can also be used as an alternate maximum duty cycle clamp with an external voltage divider. 


PROTECTION FUNCTIONS 


1. Error Latch: 


When set by momentary input this latch insures immediate PWM shutdown and 
Jhold off until reset. 


Inputs to Error Latch are: 
a. OV > 3.2V (Typically 3V) 
b. Stop > 2.4V (Typically 1.6V) 
c. Current Sense 400mV over threshold. (Typical). 


Error Latch resets when slow start voltage falls to 0.4V if Reset Pin < 2.8V. With Pin 5> 3. 2V. 
Error Latch will remain set. 


2. Current Limiting: 


Differential input comparator terminates individual output pulses each time sense voltage rises 
above threshold. 


When sense voltage rises to 400 mv (typical) above threshold, a shutdown signal is sent to Error Latch. 


3. Ext. Stop: 


A voltage over 2.4 will set the Error Latch and hold the output off. 
A voltage less than 0.8V will defeat the error latch and prevent shutdown. 


Acapacitor here will slow the action of the error latch for transient protection by providing a 
Typical Delay of 13ms/uF. 
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HYSTERESIS CURRENT — (Microamps) 


FREQUENCY — (KHz) 


VOLTAGE GAIN — (dB) 


Error Amplifier Open-Loop Gain and Phase 


Start/UV Hysteresis Current 


JUNCTION TEMPERATURE — (°C) 


5 


Oscillator Frequency 


10. 20, 50 100 200 


Rr TIMING RESISTOR — (k) 


1K 


10K 100k 
FREQUENCY — (Hertz) 


PHASE SHIFT — (DEGREES) 


UC1851 

UC2851 

UC3851 
Output Saturation Characteristics 


TL TT] 
= Voc = 15V 
1 3P Ty=425¢¢ ee 
3 Ta=-55°C ——— 
4 A 
3 
S 2 
4 
Q 
< 
5 ; (Vee -Vou) | 
<= 
oe me SINK SAT (Vou) 
0 =I | 
O1 02 03.04.05 07 1 2 345 7 10 
OUTPUT CURRENT, SOURCE OR SINK — (A) 
PWM Output Minimum Pulse Width 
T =I TT 
(Pulse width goes to zero 7 
below value indicated.) 
~ 10 
3 1/2 Cr<Ca< 
> 50 h 
ro 
= 30h 
2 oN 
= 20H 
3 WN 
2 10 
2 | 
2 
= 
= 0s 
eo 
03 


10 20 = =30 50 100 200 300 500 
OSCILLATOR FREQUENCY — (k Hertz) 


Shutdown Timing 


Duty Cycle 
Ciamp Voltage 


PWM Output 
Voltage 


DELAY TIME — (n sec) 
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; vet ~. UC1851 
iy UC2851 


UC3851 
OPEN-LOOP TEST CIRCUIT 
IN ¥ ‘i 


SLOW START 


SUPPLY 
VOLTAGE 


DUT, 


= DIL-18 
1 PACKAGE 


RESET 


sToP 
C/U). 


OV SENSE 
COMP 


INV NI C/L(-) 


10k 
CURRENT SENSE 


Nominal Frequency = 1 = 50kHz Current Limit = 200mV 
TY 


Current Fault Voltage = 600mV 
_ a {Ri + Re + Ry! if _ {Ri + Re+ R3\ _ @Vin = 15V, Duty Cycle = 48% 
Start Voltage = af Rat Rs ) s0.2R =12V OV Fault Voltage = sf Rs = 32V @Vin = 30V, Duty Cycle'= 24% 


High peak currents associated with capacitive loads necessitate careful grounding techniques. Timing and bypass capacitors 
~ should be connected close to pin 13 in a single ground point. 


PROGRAMMABLE SOFT START 
AND RESTART DELAY CIRCUIT 


A) DIRECT DRIVE 


+ViN 


Restart Delay = (51) (Rrd) (Crd) 


For further application information see C1840/UC1841 


Data Sheets. B) TRANSFORMER COUPLED 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. ¢ P.O. Box 399 ¢ Merrimack, New Hampshire ¢ 03054-0393 
Telephone 603-424-2410 ¢ FAX 603-424-3460 Z z 
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INTEGRATED 


circurrs UC1854 
UC2854 
am UNITRODE uc3854 
High Power Factor Preregulator 

“2 PRELIMINARY 

FEATURES DESCRIPTION , 
© Control Boost PWM to 0.99 Power The UC1854 family of integrated circuits provide active power factor correction for power 
Factor systems that otherwise would draw non-sinusoidal current from sinusoidal power lines. 


These parts implement all the control functions necessary to build a power supply 


eo 1s : ' 
Limit Line Current Distortion to <5% Preregulator capable of optimally using available power-line current while minimizing 


: World-wide Operation Without. line-current distortion. To do this, the UC1854 contains a voltage amplifier, a precision 
Switches analog muttiplier/divider, a current-amplifier, and a fixed-frequency PWM. In addition, the 
© Feed-forward Line Regulation UC1854 contains a power MOSFET gate driver, 7.5V reference, line anticipator, 
* Low Noise Sensitivity sire ie low supply detector, and st current oe 
A he 854 family use average current mode control to accomplish fixed-frequency current 
e at . 
eae Start-up Supply Current Control with stability and low distortion. Unlike peak current mode control, average current 
° Fixed-frequency PWM Drive control accurately maintains sinusoidal line current without slope compensation. 
Low-offset Analog Multiplier/Divider The UC1854’s high reference voltage and high oscillator amplitude minimize noise 
* 1 Amp Totem-Pole Gate Driver sensitivity while. fast PWM elements permit chopping frequencies above 200kHz. The 


UC1854 can be used in systems with line voltages that vary from 75 to 275 volts and with 
line.frequencies across the 50Hz to 400Hz range. To reduce the burden on the circuitry 
that supplies power to this device, the UC1854 family features low start-up supply current. 


* Precision Voltage Reference 


These devices are available packaged in 16-pin plastic and ceramic dual in-line packages. 


ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM 
Supply VoltageVCC 2. ee 35V DIL-16 (TOP VIEW) 


GTDRV Current,Continuous .. 2 ee 0.5A 
GTDAV Current, 50% DutyCycle .. 6.) 1.5A vOrN Package 
Input Voltage, VSENSE, VRMS event Bla Wisburca ter ob. denceermiotales net teary 2.11V 
Input Voltage, ENA, ISENSE, MULTOUT ....:............ 11V. 
Input Voltage, PKLMT .... 2.2.2.0... greta 2 5V 
Input Current, RSET, IAC,PKLMT ..........0..... oo. TOMA 
Power Dissipation at TAs25°C .. 2. wll 1W 
Derate 8mW/°C for TA>25°G 
Storage Temperature... 2... Fee ae a ee gee ae -65°C to 150°C 
Lead Temperature (Soldering, 10Seconds) ............2, 300°C 


NOTE 1: All voltages with respect to GND (Pin 1). 
NOTE 2: All currents are positive into the specified terminal. 


BLOCK DIAGRAM 


vce 


16V/10V 


ENA|IO] 


2.5V/2.25V 


7.50 
VSENSE [I i}--_—K] 


1Ac(6} 
veMs [8 } 


ss[t3] 


Ch) 14ya 
KJ 


4] tq] 


a : [SENSE CT RSET _ GND 
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UC1854 


UC2854 

UC3854 
ELECTRICAL Unless otherwise stated, VCC=18V, RSET=15K to ground, CT=1 .5nF to ground, PKLMT=1V, 
CHARACTERISTICS ENA=7.5V, VRMS=1.25V, IAC=10011A, ISENSE=0V, CAOUT=3.5V, VAOUT=5V, VSENSE=7.5V, no 
load on any output, and -55°C<Ta<125°C for the UC1854, ~25°C<Ta<125°C for the UC2854, and 

0°C<Ta<70°C for the UC3854. Ta=Tj 
PARAMETER | TEST CONDITIONS [ MINIMUM i TYPICAL L MAXIMUM L UNITS 
OVERALL 

[Supply Current, Off ENA=0V 15 2.0 mA 
Supply Current, On 10 16 mA 
VCC Turn-On Threshold 15 16 17 Vv 
VCC Turn-Off Threshold 9 10 11 Vv 
ENA Threshold, Rising 24 2.55 27 “Mv 
ENA Threshold Hysteresis 0.2 0.25 0.3 Vv 

i ENA Input Current ENA=0V -5.0 0.2 5.0 pA 

VOLTAGE AMPLIFIER 
Voltage Amp Offset Voltage VAOUT=3.5V -8 8 mV 
VSENSE Bias Current VSENSE=0V -500 ~-25 500 nA 
Voltage Amp Gain 70 100 oB 
Voltage Amp Output Swing 0.5 to 16 Vv 
Voltage Amp Short Circuit Current VAOUT=0V 5 12 30 mA 
SS Current $S=2.5V 6 14 20 WA 

CURRENT AMPLIFIER ; 

L Current Amp Offset Voitage +1 a Fae | mv 
ISENSE Bias Current —500 nA 
Current Amp Gain 80 dB 

ir Current Amp Output Swing 0.5 to 16 Vo 

1 Current Amp Short Circuit Current CAOUT=0V" 5 mA 
Input Range, ISENSE, MULTOUT 0.3 to 1.0 Vv 

REFERENCE 

LL Reference Output Voltage IRef=0mA, TA=250C 7.425 7.50 7.575 Vv 

L VREF Load Regulation —10mA<IRef<OmA -15 5 15 mV 
VREF Line Regulation 15V<VCC<35V -10 2 10 mv 

Les VREF Short Circuit Current REF=0V 12 28 45 mA 

CURRENTUMIT | 

| PKLMT.Offset Voltage =10 10 mV 
PKLMT Input Current PKLMT=-0.1V -200 -100 pA 
PKLMT to GTDRV Prop. Delay PKLMT falling from 50mV TO -50mV 175 % ns 

GATE DRIVER , 
Maximum GTDRV Output Voltage OmA load on GTDRV, 18V<VCC<35V 13 14.5 16 Vv 
GTDRV Output Voltage High ~-200mA load on GTDRV, VCC=15V 12 12.8 Vv 
GTDRV Output Voltage Low, OFF VCC=O0V, 50mA load on GTDRV 0.9 1.5 Vv 

[ GTDRV Output Voltage Low _ 200mA load on GTDRV 1.0 2.2 Vv 

L Peak GTDRV Current 40nF from GTDRV to GND 1 A 
GTDRV Rise/Fall Time 1nF from GTDRV to GND 35 ns 
GTDRV Maximum Duty Cycle 95 % 
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MULTIPLIER 


Multiplier Output Current Full Scale |AC=100uA, RSET=10K HA 
Multiplier Output Current Zero (AC=0uA, RSET=15K KA 
Multiplier Maximum Output Current JAC=450uA, RSET=15K HA 
Multiplier Output Current IAC=50uA, VRMS=2V, VA = 4V WA 
Multiplier Output Current IAC=100A, VRMS=2V, VA = 2V uA 


Multiplier Output Current 


Multiplier Output Current 


1AC=200uA, VRMS=2V, VA = 4V 
IAC=300uA, VRMS=1V, VA = 2V 


Multiplier Output Current 


Multiplier Gain Constant 


IAC=100uA, VRMS=1V, VA = 2V 
See Note 3 


| OSCILLATOR 


Oscillator Frequency 46 55 62 kHz 
CT Ramp Peak-to-Peak Amplitude 4.8 5.2 5.6 Vv 
CT Ramp Valley Voltage 0.8 1 1.30 Vv 
Note 3: Multiplier Gain Constant (Kk) is defined by the following equation: | MULTOUT = K*IAC* vA‘ T-1 
VRMS' 


PIN DESCRIPTIONS 


GND (Pin 1) (ground): All voltages are measured with respect 
to GND. VCC and REF should be bypassed directly to GND 
with an 0.1uF or larger ceramic capacitor. The timing capacitor 
discharge current also returns to this pin, so the lead from the 
oscillator timing capacitor to GND should also be as short and 


as direct as possible. 


PKLMT (Pin 2) (peak limit): The threshold for PKLMT is GND. 
Connect this input to the negative voltage on the current sense 
resistor as shown in Figure 1. Use a resistor to REF to offset 
the negative current sense signal up to GND. 


CAOUT (Pin 3) (current amplifier output): This is the output of 
a wide-bandwidth op amp that senses line current and 
commands the pulse. width modulator (PWM) to force the 
correct current. This output can swing close to GND, allowing 
the PWM to force zero duty cycle when necessary. The current 
amplifier will remain active even if the IC is disabled. 


ISENSE (Pin 4) (current sense minus): This is the inverting 
input to the current amplifier. This input and the non-inverting 
input MULTOUT remain functional down to and below GND. 
Care should be taken to avoid taking these inputs below -0.5V, 
because they are protected with diodes to GND. 


MULTOUT (Pin 5) (multiplier output and current sense plus): 
The output of the analog multiplier and the non-inverting input 
of the current amplifier are connected together at MULTOUT. 
The cautions about taking ISENSE below —0.5V also apply to 
MULTOUT. As the multiplier output is a current, this is a high 
impedance input similar to ISENSE, so the current amplifier can 


be configured as a differential amplifier to reject GND noise. 
Figure 1. shows an example of using the current amplifier 
differentially. 


IAC (Pin 6) (input AC current): This inputto the anatog multiplier 
is a.current. The multiplier is tailored for very low distortion from 
this current input (IAC) to MULTOUT, so this is the only 
multiplier input that should be used for sensing instantaneous 
line voltage. The nominal voltage on IAC is 6V, so in addition 
to a resistor from IAC to rectified 60Hz, connect a resistor from 
IAC to REF. if the resistor to REF is one fourth of the value of 
the resistor to the rectifier, then the 6V offset will be cancelled, 
and the line current will have minimal cross-over distortion. 


VAOUT (Pin 7) (voltage amplifier output): This is the output of 
the op amp that regulates output voltage. Like the current 
amplifier, the voltage amplifier will also stay active even if the 
IC is disabled with either ENA or VCC. This means that large 
feedback capacitors across the amplifier will stay charged 
through momentary disable cycles. Voltage amplifier output 
levels below 1V will inhibit multiplier output. 


VRMS (Pin 8) (RMS line voltage): The output of a boost PWM 
is proportional to the input voltage, so when the line voltage into 
a low-bandwidth boost PWM voltage regulator changes, the 
output will change immediately and slowly recover to the 
regulated level. For these devices, the VRMS input 
compensates for line voltage changes if it is connected to a 
voltage proportional to the RMS input line voltage. For best 
control, the VRMS voltage should stay between 1V and 5V. 
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PIN DESCRIPTIONS 


REF (Pin 9) (voltage reference output): REF isthe output of 
an accurate 7.5V voltage reference. This output is capable of 
delivering 10mA to peripheral circuitry and is internally short 
circuit current limited. REF is disabled and will remain at OV 
when VCC is low or when ENA is low. Bypass REF to GND 
with an 0.1mF or larger ceramic capacitor for best stability. 


- ENA (Pin 10) (enable): ENA is a logic input that will enable the 
PWM output, voltage reference, and oscillator. ENA also will 
release the soft start clamp, allowing SS to rise. When unused, 
connect ENA to a +5V supply or pull ENA high with a 22K 
resistor. : ane 


VSENSE (Pin 11) (voltage amplifier inverting input): This is 


normally connected to a feedback network and to the boost. 


converter output through a divider network. 


RSET (Pin 12) (oscillator charging current and multiplier limit 
set): -A resistor from RSET to ground will program oscillator 
charging current and maximum multiplier output. Multiplier 
output current will not exceed 3.75V divided by the resistor from 
RSET to ground. . 


§S (Pin 13) (soft start): SS will remain at GND as long as the 
IC is disabled or VCC is too low. SS will pull up to over 8V by 
aninternal 14uA current source when both VCC becomes valid 
and the IC is enabled. SS will act as the reference input to the 
voltage amplifier if SS is below REF. With a large capacitor 
from SS to GND, the reference to the voltage regulating 
amplifier will rise slowly, and increase the PWM duty cycle 


bas 


APPLICATIONS INFORMATION 


UC1854 
UC2854 
UC3854 


slowly.: Inthe event of a disable command or a supply dropout, 
SS will quickly discharge to ground and disable the PWM. 


CT (Pin 14) (oscillator timing capacitor): A capacitor from CT 
to GND will set the PWM oscillator frequency according to this 
relationship: 
epee eee 
a RSET CT 

VCC (Pin 15) (positive supply voltage): Connect VCC to a. 
stable source of at least 20mA above 1 7V for normal operation. 
Also bypass VCC directly to GND to absorb supply current 
spikes required to charge external MOSFET gate 
capacitances. To prevent inadequate GTDRV signals, these 
devices will be inhibitéd unless VCC exceeds the upper 
under-voltage lockout threshold and remains above the lower 
threshold. 


GTDRV (Pin 16) (gate drive): The output ofthe PWM is a totem 
pole MOSFET gate driver on GTDRV. This output is internally 
clamped to 15V so that the IC can be operated with VCC as 
high as 35V. Use a series gate resistor of at least 5 ohms to 
prevent interaction between the gate impedance and the 
GTDRV output driver that might cause the GTDRV output to 


‘overshoot excessively. Some overshoot of the GTDRY output - 
_ is always expected when driving a capacitive load. 


[ 


A 250W PREREGULATOR 


The circuit of Figure 1 shows a typical application of the UC3854 
as a preregulator with high power factor and efficiency. The 
assembly consists of two distinct parts, the. control circuit 
centering on the UC3854 and the power section. 


The power section is a “boost” converter, with the inductor 
operating in the continuous mode. In this mode, the duty cycle is 
dependent on the ratio between input and output voltages; also, 
the input current has low switching frequency ripple, which means 
that the line noise is low. Furthermore, the output voltage must be 
higher than the peak value of the highest expected AC line 
voltage, and all components must be rated accordingly. 


In the control section, the UC3854 provides PWM pulses (GT 
DRV, Pin 16) to the power MOSFET gate. The duty cycle of this 
output is simultaneously controlled by four separate inputs to the 
chip: 


INPUT_ FUNCTION _ 
VSENS 1 Output OC Voltage 
tac 6 Line Voltage Waveform 
ISENS/MULT OUT 4/5 Line Current 
VRMS 8 RMS Line Voltage 


Additional controls of an auxiliary nature are provided. They are 
intended to protect the switching power MOSFETS from certain 
transient conditions, as follows: 


_INPUT_ _PIN# FUNCTION | 
ENA 10 - Start-Up Delay 
ss 13 Soft Start 
PK LIM 2 Maximum Current Limit 


PROTECTION INPUTS 
ENA (Enable) 


The ENA input must reach 2.5 volts before the REF and GTDRV 
outputs are enabled. This provides ameans to shut down the gate 
in case of trouble, or to add a time delay at power up. A hysteresis 
gap of 200mV is provided at this terminal to prevent erratic 
operation. Undervoltage protection is provided directly at pin 15, 
where the on/off thresholds are 16V and 10V. 


SS (Soft start) 


The voltage at pin 13 (SS) can reduce the reference voltage used 
by the error amplifier to regulate the output DC voltage. With pin 
13 open, the reference voltage is typically 7.5V. An internal 
current source delivers approximately -144A from pin 13. Thus a 
capacitor connected between that pin and ground will charge 
linearly from zero to 7.5V in 0.54C seconds, with C expressed in 
microfarads. 
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PKLIM (Peak current limit) 


Use pin 2 to establish the highest value of current to be controlled 
by the power MOSFET. With the resistor divider values shown in 
Figure 1, the 0.0V threshold at pin 2 is reached when the voltage 
drop across the 0.25 ohm current sense resistor is 
7.5V*2K/10K=1.5V, Corresponding to 6A. A bypass capacitor 
from pin 2 to ground..is recommended to filter out very high 
frequency noise. 


CONTROL INPUTS 
VSENS (Output DC voltage sense) 


The threshold voltage for the VSENS input is 7.5V and the input 
bias current is typically 50nA. The values shown in Figure 1 are 
for an output voltage of 400V DC. in this circuit, the voltage 
amplifier operates with aconstantiow frequency gain for minimum 
output excursions. The 47nF feedback capacitor places a 15Hz 
pole in the voltage loop that Prevents 120Hz ripple from 
Propagating to the output current. 


IAC (Line waveform) 


In order to force the line current waveshape to folfow the line 
voltage, a sample of the power line voltage is introduced at pin 6. 
This signal is multiplied by the output of the voitage amplifier in 
the internal multiplier to generate a reference signal forthe current 
control loop. , 


This input is not a voltage, but a current (hence IAC). It is set up 
by the 150K and 620K resistive divider (see Figure 1). The voltage 
at pin 6 is internally held at 6V, and the two resistors are chosen 
So that the current flowing into pin 6 varies from zero (at each zero 
Crossing) to about 400uA at the peak of the waveshape. The 
following formulas were used to calculate these resistors: 


Rac = (Vpk + 6) / 400uA = 620K 
RREF = Riac/4 = 150K 
(where Vpk is the peak line voltage) 
ISENS/MULTOUT (Line current) 


The voltage drop across the 0:25 ohm current-sense resistor is 
applied to pins 4 and 5 as shown. The current-sense amplifier also 
Operates with high low-frequency gain, but unlike the voltage 
amplifier, it is set up to give the current-control loop a very wide 
bandwidth. This enables the line current to follow the line voltage 
as closely as possible. In the present example, this amplifier has 
a zero at about 500Hz, and a gain of about 18dB thereafter. 


VRMS (rms line voitage) 


An important feature of the UC3854 preregulator is that it can 
Operate with a three-to-one range of input line voltages, covering 
everything from low line in the US (85VAC) to high line in Europe 
(255VAC). This is done using line feedforward, which keeps the 
input power constant with varying input voltage (assumming 
constant load power). To do this, the multiplier divides the Jine 
current by the square of the rms: value of the line voltage. The 
voltage applied to pin 8, proportionalto the average. ofthe rectified 
line voltage (and proportional to the RMS value), is squared in the 
UC3854, and then used as a divisor by the multiplier block. The 
multiplier output, at pin 5, is a current that increases with the 
Current at pin 6 and the voltage at pins 7, and decreases with the 
square of the voltage at pin 8. 


PWM FREQUENCY 


The PWM oscillator frequency in Figure 1 is 100kHz. This value 
is determined by CT at pin 14 and RSET at pin 12. RSET should 
be chosen first because it affects the maximum value of IMULT 
according to the equation: 


This effectively sets a maximum PWM-controlled current. With 
RSET=15K, 


IMULT ax = ey = ~250uA 


It is also important to note that the multiplier output current will 
never exceed twice IAC. 


With the 4K resistor from MULTOUT to the 0.25 ohm current 
sense resistor, the maximum current in the current sense resistor 
will be . 
-IMULT yay x 4K 
IMAX = 0.25 ohm, ~ 4Amp 
Having thus selected RSET, the current sense resistor, and the 
resistor from MULTOUT to the current sense resistor, calculate 
CT for the desired PWM oscillator frequency from the equation 
1.25 
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- FIGURE1 
250 WATT PREREGULATOR™ 


VIN=90-270VAC 
RS 0.25 


‘NOTE: Boost inductor éan be fabricated with ARNOLD MPP toroidal core part number 
A-43938152,.using a 55 turn primary.and.a.13 turn:secondary: a 
eo “a ity . 


These products-contain patented circuitry and are sold under license from Pioneer Magnetics, Inc. 


‘Ghitrode integrated Circuits Corpéfation a 
~7Continental Boulevard. ¢ P.O. Box'399 * Merrimack, New Hampshire « 03054-0389 ig 
“Telephone 603-424-2410 « FAX 603-424-3460 : 
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CIRCUITS re 
rl 1860 
aan UNITRODE U 
RESONANT MODE POWER SUPPLY CONTROLLER ueonee 
UC3860 
FEATURES DESCRIPTION 
© 3MHz VFO Linear over 100:1 Range The UC1860 family of control ICs is a versatile system for resonant-mode power supply con- 
© SMHz Error Amplifier with Controlled trol. This device easily implements frequency-modulated fixed-on-time control schemes as 
Output Swing well as a number of other power supply control schemes with its various dedicated and pro- 
© Programmable One Shot Timer — Down to  8™@mmable features. 
100ns 


The UC1860 includes a precision voltage reference, a wide-bandwidth error amplifier, a vari- 


© Precision 5V Reference able frequency oscillator operable to beyond 3MHz, an oscillator-triggered one-shot, dual 


® Dual 2A Peak Totem Pole Outputs high-current totem-pole output drivers, and a programmable toggle flip-flop. The output 
© Programmable Output Sequence mode is easily programmed for various sequences such as A, off, B, off; A & B, off; or A, B, off. 
® Programmable Under Voltage Lockout The error amplifier contains precision output clamps that allow programming of minimum 
© Very Low Start up Current and maximum frequency. 
© Programmable Fault Management & The device also contains an uncommitted comparator, a fast comparator for fault sensing, 
Restart Delay Programmable soft start circuitry, and a programmable restart delay. Hic-up style response to 
© Uncommitted Comparator faults is easily achieved. In addition, the UC1860 contains Programmable under voltage 
lockout circuitry that forces the output Stages low and minimizes supply current during start- 
up conditions. 
BLOCK DIAGRAM 
PIN SCHEDULE 
— 
FLT (-) UVLO 
FLT (+) RST DLY 
EAIN (+) SFT STRT 
EAIN(-) MODE 
Yee [+ fin Veo | EAOUT ouTB 
uo [-}—~ E ("| SGND Veo 
EAIN (+) * aoe PGND 
EAIN(-) ap r EAO OUTA 
Nic 
Vaer CMP OUT 
CMP IN (-) [14] Osc DSBL 
CMP IN (+) TRIG 


PIN SCHEDULE 


FLT (+) 


FLT (-) 


Cre Css 
ro ae q SEQUENCE 
R 

SGND C= i a 


UVLO 
RST DLY 
OSC DSBL 


+ SFT STRT 
MODE 
NIC 


CMP OUT 


NIC 
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ABSOLUTE MAXIMUM RATINGS : 
Supply Voltage (pin 19)... 06... 20V 
Output Current, Source or Sink (pins 17 & 20) 


DO ca hgh Satin neha ea Sa Sih ek Sle She aftr pa ea ere desi ae here a Sa 0.8A 
Pulse (0.528) =<. ee bee awa oh eee Ree ieee ogres Pert ema eerie 3.0A 
Power Ground Voltage ........- 0.00 eee e eeepc neste terest eres + 0.2V 
Inputs (pins 1, 2, 3, 4, 8, 9, 11, 12, 13, 14, 21, 22, 23 BW) co cccgeweniarda one -0.4 to 6V 
Error Amp Output Current, Source or Sink (pin 5)... te 2mA 
Ivro Current (pin 7)... 0-00 eee eee eter teen etre neers eres eee 2mA 
Comparator Output Current yr) ec eae 5mA 
Comparator Output Voltage (pin 15) ......- +... eee eeeeese eens 15V 
Soft Start or Restart Delay Sink Current (pins 22 & 23)... eee eee ee eras 5mA 
Power Dissipation at Ta = 50C (DIP) ....--- 0. eee eer e tne re eres setts 1.25W 
Derate 12.5 mWIC for Ta above 50C 
Power Dissipation at Ta = 50C (PLCC) ...-..---- 22 eee rrr e rrr terres IW 
Derate 10 mWIC for Ta above 50C 
Lead Temperature (Soldering, 10 seconds) ......- Gdldsnetcanh peace oes Sie eR SS 300°C 


Note: All voltages are with respect to signal ground and all currents are positive into the specified 
terminal. Pin numbers refer to the DIP. 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, all specifications apply for -55 < Ta < 125°C 

for the UCI860, -25 < Ta < 85°C for the UC2860, 0 < Ta < 70°C for 
the UC3860, Vcc = 12V, Cvro = 330pF, Ivro = 0.5mA, C = 330pF, 
and R = 2.7k) TA=TJ 


Load Regulation 0 < lo < 10mA | 25 | 
Output Noise Wolags” | ORE <t< te | 
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Nominal Frequency” Po ae es 
dFidlosc* 100 < Ivro < 500A | 4 | 
Trig In Threshoid 

Trig In Open Circuit Voltage 

Trig In Delta (Vrr-Voc) 

Trig In Input Resistance 
Minimum Trig In Pulse Width* es ae Se ee ll 


Osc Disable Threshold 


an 
Fs 
<|<|< 
$ 


ojr 
N[O 
g 
N 
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*Guaranteed by design but not 100% tested. 
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ELECTRICAL CHARACTERISTICS (Unless otherwise stated, ail specifications apply for —55 < Ta < 125°C 
for the UC1860, ~25 < Ta < 85°C for the UC2860, 0 < Ta < 70°C for 
the UC3860, Vec = 12V, Cvro = 330pF, Iveo = 0.5mA, C = 330pF, 


and R = 2.7k). Ta=Ty 


5 
MIN. TYP. MAX. | UNITS 


+ 
PARAMETER CONDITIONS 
Output Stage 
Output Low Saturation fe 20mA 
200mA 
Output High Saturation -20mA 
—200mA 
Rise/Fall Time* ; C = InF 
LOAD 
UVLO Low Saturation 20mA 


Output Mode Low Input 
Output Mode High Input 


nN 

o 
Siplielrlolo 
WIM Nl alalio 
FlwlNIn 
aAlolalo 

<(|</2 

am 


Under Voltage Lockout Section 


Vec Comparator Threshold On 16 17.3 18.5 Vv | 
Off 9.5 10.5 12 vs] 
UVLO Comparator Threshold | _On 3.6 42 48 Vv 


Hysterisis 
UVLO = 4/Vcc = 8 
Vee = UVLO = Vrer 


UVLO input Resistance 
Vrer Comparator Threshold 
Supply Current 


jo} 

EF 
x 
<|$ 
3 


lec Veo = 12, Voscdsai=3v_ [| [| 30 | 40 | mA 
Istant UVLO pin open 
[el ee | fan lew le 
Fault Comparator 
Input Offset Voltage -0.3 < Vem < 3V 2 | 10 mv | 
Input Bias Current Vom = OV 100 { 200 yA 
Input Offset Current Vom = OV 10 1 30 yA 
Propagation Delay To Output* +50mvV input 100 | 150 ns 
Uncommitted Comparator 
input Offset Voltage [03 < Vom < 3V 2 | 10 mv | 
Input Bias Current [Vom = ov 100 | 200 | 4A_| 
Input Offset Current Vom = OV 10 30 pA 
Output Low Voltage L lo = 2mA 0.3 Vv Tf 


g 


Propagation Delay To Sat* +50mvV input, 2.5k load to 5V 
Soft Start/Restart Control Section 


Saturation Voltage (2 pins) r sink = 1LOQuA 0.2 0.5 Vv 
Charge Current (2 pins) 2 5 10 vA >| 

x Vv 
Restart Delay Threshold 28 3.0 3.2 


* Guaranteed by design but not 100% tested. 
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| ERROR AMPLIFIER’ - ac 

The error amplifier is a high gain, low offset, high bandwidth 
design with precise fimits on its output swing, The bandwidth of 
the amplifier is externally determined by the resistance seen at 
the inverting input. Unity gain bandwidth is approximately: 


Frequency (OdB) = 1 / (2m * Rin (-) * Ccome)- 
The input common mode range of the amplifier is from 2.8 to 


4.5V. As long as one-pin is within this range, the other can go as low 
as zero. 


AVyo VS Vour 


AVip (mV) 


The output swing with respect to the Ivro pin is limited from zero 
to 2V. Note that pulling Sft Strt (soft start) low will lower the 
reference of the upper clamp. The lower clamp, however, will 
dominate should the upper clamp reference drop below the lower 
reference. 


Error Amplifier Frequency Response 


PHASE SHIFT (° 


001 0.03 


F (MHz) 


UNDER VOLTAGE LOCKOUT SECTION 


The under voltage lockout consists of three comparators that The UVLO comparator is used for DC to DC applications or to 
monitor Vcc, UVLO, and Vrer. The Vrer comparator makes sure gate the chip on and off. To utilize its hysteretic threshold by an 
that the reference voltage is sufficiently high before operation external resistive divider, the internal impedance of the pin must 
begins. When the UVLO comparator is low, the outputs are be accounted for. To run from a 5V external supply, UVLO, Vee, 
driven low, the fauit latch is reset, the soft start pin is - and-Vper aré tied together. 


discharged, and the toggle flip-flop is loaded for output A. 


The Vcc comparator is used for off-line applications by leaving 
the UVLO pin open. In this application the supply current is 
typically less than 0.3mA during start-up. 


log (mA) 


1 
10K 


INTERNAL | 
RUN/STOP 


Vee () 


VARIABLE FREQUENCY OSCILLATOR 

The VFO block is.controlled through 4 pins: Cyro, Ivro, Ose Dsbl 
(oscillator disable), and Trig (trigger input). Oscillator frequency is 
approximately: 


Frequency = lvro/(Cvro * 1V). 


With a fixed capacitor and low voltage applied to Trig and Osc 
Dsbl, frequency is linearly modulated by varying the current into 
the Ivro pin. 


The Trig and Osc Dsbl inputs are used to modify VFO operation. 
If Osc DsbI is held high, the oscillator will complete the current 
‘tycle but wait until Osc Dsbl is returned low to initiate a new cy- 

cle. If a pulse is applied to Trig during a cycle, the oscillator will 
immediately initiate a new cycle. Osc DsbI has priority over Trig, 
but if a trigger pulse is received while Osc Dsbl is high, the VFO 
will remember the trigger pulse and start a new cycle as soon as 
Osc Dsbl goes low. 


UC1860 
- UC2860 
UC3860 


Normally low trigger pulses are used to synchronize the oscillator 
to a faster clock. Normally high trigger pulses can also be used 
to synchronize to a slower clock. nee 


ONE SHOT TIMER i 
The one shot timer performs three functions and is programmed 
by the RC pin. The first function is to control output driver pulse 
width. Secondly, it clocks the toggle flip-flop. Thirdly, it establishes the 
maximum allowable frequency for the VFO. One shot operation is 
initiated at the beginning of each oscillator cycle. The RC pin, 
Programmed by an external resistor and capacitor to ground, is 
charged to approximately 4.3V and then allowed to discharge. 
The lower threshold is approximately 80% of the peak. On'time 
is approximately: * ; 
ton) = 0.2*R*C 


After crossing the lower threshold, the resistor continues to dis- 
charge the capacitor to approximately 3V, where it waits for the 
next oscillator cycle. 


OSC DSBL ce 
tric [| 


THRESHOLD 
CKT 


SHOT 
OUTPUT 


THRESHOLD 


On Time vs R 


VFO: Frequency vs lye 


, MAXIMUM FREQUENCY (Hz) 
ON TIME (s) 


» FREQUENCY (kHz) 
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L 


TO ERROR AMP 
HIGH CLAMP 


TO 
ONE-SHOT 
CLR 


FAULT MANAGEMENT SECTION 

During UVLO, the fault management section is initialized. The 
latch is reset, and both Sft Strt (soft start) and Rst Dly (restart 
delay) are pulled low. When Sft Strt is low, it lowers the upper 
clamp of the error, amplifier. As Sft Strt increases in voltage, the 
upper clamp increases from a value equal to the lower clamp 
until it is 2V more positive. A capacitor to ground from the 

Sft Strt pif will control the start rate. 


UNCOMMITTED COMPARATOR 

The uncommitted“comparator, biased from the reference voltage, 
operates independently from the rest of the chip. The open col- 

lector output is capable of sinking 2mA. The inputs are valid in 

the common mode range of --0.3 to 3.0V. As long as one of the 
inputs is within this range, the other can be as-high as 5V. 


IN (+) 


IN (-) 


The high speed fault comparator will work over the input com- 
mon mode range of —0.3 to 3.0V. When a fauit is sensed, the 
one shot is immediately terminated, Sft Strt is pulled low, and 
Rst Dly is allowed to go high. Three modes of fault disposition — 
can easily be implemented. If Rst Dly is externally held low, then — 
a detected fault will shut the chip down permanently. If the Rst 
Diy pin is left open, a fault will simply cause an interruption of 
operation. If a capacitor is connected from Rst Dly to ground, 
then hic-up operation is implemented. The hic-up time is: 


t (off) = 600 kohm * C(Rst Dly). 


input Bias Current 
Input Voltage 


OuT 


INPUT BIAS CURRENT (A) 


~200-150-100 -50 0.0 50 200 150 200-.. 
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vi Veco 
Vase REFERENCE = O 
rg . , 
5 sal ee ge es an 
= 6 
2 UVLO =F 
ERROR 6.2K 
a TS = 
RL OUT A a 
5K 4 | 320 2 
47K 3 nF =P 
15K 
° 2.29 
15K Sl 4.7K | Bes a8 20 f 
inF =P 
TOGGLE 
UT 
MODE $6 O— Vice 
O 
= Fr 
15K 
87 o—| 
RST DLY 
uF aa = 
sFt stat { 22| rae ae 
2] —° 
a, ? ie 
p {2 | Var i 
FAULT 3.9K 
= = 1K UNCOMMITTED COMPARATOR 1K = ao 
: = COMPARATOR = = = 
NOTE: PIN NUMBERS REFER TO THE DIP. 


OPEN LOOP LABORATORY TEST. FIXTURE 

The open loop laboratory test fixture is designed to allow . 
familiarization with the operating characteristics of the UC3860. 
Note the pin numbers apply to the DIP. 


To get started, preset all the options as follows: 

Adjust the error amplifier variable resistor pot (R1) 

so the wiper is at a high potential. : 

Open the Iyro resistor switch (S1). 

Throw the Trig switch (S2) to ground. 

Throw the Osc Dsbi switch ($3) to ground. 

Throw the uncommitted comparator switch (S4) to ground. 

Throw the UVLO switch (S5) to the resistive divider. 

Throw the Out Mode switch ($6) to ground. 

Open the restart delay switch (S7). 

Throw the fault switch (S8) to ground. 
In-this configuration, the chip will operate for Vcc greater than 
12V. Adjustment of the following controls allows examination of 
specific features. 


Ri adjusts the output of the error amp. Notice the voltage at 
pin 5 is limited from O to 2V above the voltage at pin 7. 

S1 changes the error amp output to VFO gain. With S1 open, 
the maximum frequency is determined by the error amp output. 
With Si closed, the one shot will set the maximum frequency. 

S2 demonstrates the trigger. An external trigger signal may be 


4-198 


applied. When the switch is set to the resistive divider, the chip 
will operate in consecutive mode (ie. A, B, off,. . .). 

$3 allows input of an external logic signal to disable the 
oscillator. ; 

$4 demonstrates the uncommitted comparator. When set to 
output A, the comparator will accelerate the discharge of pin 9, 
shortening the output pulse. 

$5 shorted to ground will disable the chip.and the outputs will 
be tow. If the switch is open, the Vcc start and stop thresholds are 
17 and 10V. Switched to the resistive divider, the thresholds are 
approximately 12 and 10V. 

S6 sets the mode of the toggle flip-flop. When grounded, the 
outputs operate alternately. Switched to 5V, the outputs switch in 
unison. (Note: If S6 and S2 are set for unison operation and trig- 
gered consecutive outputs, the chip will free run at the maximum 
frequency determined by the one shot.) 

S7 open allows the chip to restart immediately after a fault 
sense has been removed. When grounded, it causes the chip to 
latch off indefinitely. This state can be reset by UVLO, Voc, or 
opening the switch. Connected to 1 uF programs a hic-up dela 
time of 600 ms. : ; 

$8 allows the simulation of a fault state. When flipped to the 
RC network, the comparator monitors scaled average voltage of 
output B. Adjusting frequency will cause the comparator to sense 
a ‘fault’ and the chip will enter fault sequence. 


OUTPUT STAGE 

The two totem pole output stages can be programmed by Mode 
to operate alternately or in unison. When Mode is low the out- 
puts alternate. During UVLO, the outputs are low. 


Extreme care needs to be exercised in the application of these 
outputs. Each output.can source and sink transient currents of 
2A or more and is designed for high values of dl/dt. This dictates 


the use of a ground plane, shielded interconnect cables, Schottky_ : 


diode clamps from the output pins to Pwr Gnd (power ground), ~ 
and some series resistance to provide damping. Pwr Gnd should 
not.exceed + 0.2V.from signal ground. 


"E Cavpass 


a 
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I 


QUT | (AOR B) 


Crono 


Output Saturation Voltage 
vs Load Current 


Voar (V) 


Troan (A) 


BYPASS NOTE : 

The reference should be buen with a 0.1 uF ceramic capacitor 
from the’ Vrer pin directly to the ground plane near the Signal 
Ground pin. The timing capacitors on Cyro.and.RC should be 
treated likewise. Vcc, however, should be bypassed with a-ceramic 


capacitor from the Vcc pin tothe section of ground plane that is ~~ 
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Output Rise & Fall Time vs Load Capacitance 
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Output Saturation Voltage 
vs Load Current 


Vsarx (V) 


connected to Power Ground. Any required bulk reservoir capacitor 
should paraltel this one. The two ground plane sections can then 
be,joined at a single point to. optimize.noise rejection and mini- 
mize DC drops. 
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Resonant-Mode Power Supply Controllers 


FEATURES 


Device |UVLO| Outputs pores | 


1864 Parallel 
F1a65 [16110 [aternatng [OH Time _ | 


Controls Zero Current Switched (ZCS) 
or Zero Voltage Switched (ZVS) quasi- 
resonant converters 


Zero-crossing terminated one-shot 
timer 


Precision 1%, soft-started 5V reference 


Programmable restart delay following 
fault 


Voltage-Controlled Oscillator (VCO) 
with programmable minimum and max- 
imum frequencies from 10 kHz to 1 
MHz 

Low start-up current ( 150 LA typ.) 
Dual 1 Amp peak FET drivers 

UVLO option for off-line or DC/DC 
applications 


Other variations of this series can be 
BLOCK DIAGRAM 


UC1861/64/65 
UC2861/64/65 
UC3861/64/65 


PRELIMINARY 


DESCRIPTION 


The UC1861/64/65 family of ICs is optimized for the control of Zero Current Switched and 
Zero Voltage Switched quasi-resenant converters. Differences batween members of this 
device family result from the various combinations of UVLO threshalds and output options. 
Additionally, the one-shot pulse steering logic is configured to program either on-time for 
ZCS systems (UC1865), or off-time for ZVS applications (UC1861/64). 


The primary control blocks implemented include an error amplifier to compensate the overall 
system loop and to drive a voltage controlled oscillator (VCO), featuring programmable 
minimum and maximum frequencies. Triggered by the VCO, the one-shot generates pulses 
of a programmed maximum width, which can be modulated by the Zero Detection 
comparator. This circuit facilitates "true" zero current or voltage switching over various line, 
load, and temperature changes, andis also able to accommodate the resonant components’ 
initial tolerances. 


Under-Voltage Lockout is incorporated to facilitate safe starts upon power-up. The supply 
current during the under-voltage lockout period is typically less than 150 uA, and the outputs 
are actively forced to the low state. UVLO thresholds for the UC1861 and UC 1865 are 16V 
(ON) and 10V (OFF), whereas the UC1864 thresholds are 8V (ON) and 7V (OFF). After 
Vcc exceeds the UVLO threshold, a 5V generator is enabled which provides bias for the 
internal circuits and up to 10mA for external usage. 


A Fault comparator serves to detect fault conditions and set a latch while forcing the output 
drivers low. The Soft-Ref pin serves three functions: providing soft start, restart delay, and 
the internal system reference. 


Each device features dual 1 Amp peak totem pole output drivers for direct interface to power 
MOSFETS. The outputs are programmed to alternate in the UC1861/65 devices. The 
UC1864 outputs operate in unison alllowing 2 Amp peak current. 


Options other than the three outlined in this data sheet can be obtained from this family of 
control IC’s. Consult the factory for further information. 


Fault 
Logic 


Bias and 
and 5V Gen a 
Prectston 


Reference 


Steering 


Logic 
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ABSOLUTE MAXIMUM RATINGS 


NOC) oe se hois Wii akperes te ite bal Bled tea A Ete dom 5 os 22V 
Output Current, Source or Sink (Pins 11&14)DC ....... 0.5A 
Pulse (0.5us) 2... 2. ee 1.5A 
PowerGroundVolage ..................... 40.2V 
Inputs (Pins 2,3,10,&13) .............02.. 0.410 7V 
Error Amp Output Current... 2.0.0... +2mA 
Power Dissipation at T,s50°C (N&Qpackage) ......... 1W 
Derate 10mW/°C for T,>50°C 
Power Dissipation at Tas70-C (Jpackage) ............ 1W 
Derate 12.5mW/°C for T4>70°C 
Power Dissipation at Tas80C (L package) : Mo eM at pth ae ane 1W 
Derate 14.3mW/°C for T ‘A>80°C. 
Junction Temperature (Operating) ............... 150°C 
Lead Temperature (Soldering, 10seconds) .......... 300°C 


Note: Ail voltages are with respect to signal ground and all currents are 
positive into the specified terminal. Pin numbers refer to the J and N 
packages. 


UC1861/64/65 
UC2861/64/65 
UC3861/64/65 


CONNNECTION DIAGRAM 
Jor N PACKAGE (TOP VIEW) 


[16] Soft-Ref 


Q or L PACKAGE 


(TOP VIEW) fet 


ELECTRICAL Unless otherwise stated, all specifications apply for 55°C<Ta<125°C for the UC18xx, -25°CsT 385°C 
CHARACTERISTICS for the UC28xx, and 0°CTa=70°C for the UC38xx, VCC=12V, Cvco=tnF, Range=7.5K, Rmin=91K, 
C=200pF, R=4.3K, and Csr=0.1uF. Ta=T} “A 
PARAMETER |_TEST CONDITIONS [minimum | TyPicaL [ maximum | unrrs 
5 VOLT GENERATOR 
Output Voltage 12VsVccs20V, ~10mAsio<OMA 4.8 5.0 5.2 Vv 
Short Circuit Current | Vo=0V | -150 | | 15 fH mA 
| SOFT-REFERENCE 
Restart Delay Current V=2V 10 20 35 nA 
Soft Start Current V=2V —650 ~500 -350 WA 
Reference Voltage Ty=25°C, 1o=0 4.95 5.00 5.05 Vv 
Reference Voltage 12VsVecs20V, ~2001Asios2000A 4.85 5.15 Vv 
Line Regulation 12VsVecs20V 2 20 mV 
Load Regulation —200Aslos2000A 8 25 mV a 
ERROR AMPLIFIER (Note 3) 
Input Offset Voltage Voem=5V, Vo=2V, lo=0 10 
Input Bias Current Vem=0V . : 
Voltage Gain Vem=SV, 0.5VsVo0=3.7V, lo=0 


Power Supply Rejection Ratio 


Vem=5V, Vo=2V, 12VsVcc<20V 


Common Mode Rejection Ratio 


OVsVems6V, Vo=2V 


Vout Low Vid=—100mV, lo=2001A 
Vout High Vid=100mV, lo=—-200nA 
Unity Gain Bandwidth 
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UC1861/64/65 


UC2861/64/65 
UC3861/64/65 
PARAMETER [ TEST CONDITIONS | MINIMUM TYPICAL L MAXIMUM | UNITS 
VOLTAGE CONTROLLED OSCILLATOR ; 
Maximum Frequency Vid (Error Amp)=100mV, Ty=250C 450 ] 500 550 kHz 
Maximum Frequency Vid (Error Amp)=100mV 425 | 575 kHz 
Minimum Frequency Vid (Error Amp)=—-100mV, TJ=250C 45 50 55 kHz 
Minimum Frequency Vid (Error Amp)=-100mV 42 L 58 kHz 
ONE SHOT 
Zero Comparator Vth 
Propogation Delay (Note 4) 
Maximum Pulse Width Vzero=1V 
Maximum to Minimum Pulse Width Ratio Vvzero=0V 
OUTPUT STAGE 
Rise and Fail Time Cload=1nF (Note 4) 30 60 ns 
i Output Low Saturation lo=20mMA | 0.2 0.4 Vv 
Output Low Saturation lo=200mMA 0.5 2.2 Vv 
Output High Saturation lo=-20mA, down from Vec 15 2.0 Vv 
Output High Saturation to=-200mA, down from Vcc 1.7 2.5 Vv 
UVLO Low Saturation lo=20mA 0.8 1.5 Vv 1 
FAULT COMPARATOR 
Fault Comparator Vth 


Delay to Output 
UVLO 


(Note 4) (Note 5) 


UCxx61, UCxx65 


Vec Turn-on Threshold 


UCxx64 
UCxx61, UCxx65 


Vee Turn-on Threshold 
Vcc Turn-off Threshold 


Vec Turn-off Threshold UCxx64 


lec Start Vec=Vec(on)-0.3V 


lec Run Vid=100mV 


Note 1: Currents are defined as positive into the pin 
Note 2: Pulse measurement techniques are used to insure that Ti=Ta 
Note 3: Vid=V(NI)-V(INV) 


Note 4: This parameter is not 100% tested in production but guaranteed by design. 


Note 5: Vi= 0 to 4V, tr(Vi)s 10ns tpd=t(Vo=6V)-t(Vi=3V) 


UVLO & 5V GENERATOR (See Figure 1) 


When power is applied to the chip and Vcc is less than the upper 
UVLO threshold, Icc will be less than 300,\A, the 5V generator will 
be off, and the outputs will be actively held low. 


When Vcc exceeds the upper UVLO threshold, the 5V generator 
turns on. Until the 5V pin exceeds 4.9V, the outputs will still remain 
low. 


The 5V pin should be bypassed to signal ground with a 0.1uF 
capacitor. The capacitor should have low equivalent series 
resistance and inductance. 


FAULT AND SOFT-REFERENCE (See Figure 1) 


The Soft-Ref pin serves three functions: System reference, restart 
delay, and soft-start. Designed to source or sink 200uA, this pin 
should be used as the input reference for the error amplifier circuit. 
This pin requires a bypass capacitor of at least 0.1uF. This yields a 
minimum soft-start time of 1ms. 


Under-Voltage Lockout sets both the fault and restart delay latches. 
This holds the outputs low and discharges the Soft-Ref pin. After 
UVLO, the fault latch is reset by the low voitage on the Soft-Ref pin. 
The reset fault !atch resets the delay latch and Soft-Ref charges via 
the 0.5mA current source. 


The fault pin is input to a high speed comparator with a threshold of 
3V. In the event of a detected fault, the fault latch is set and the 
outputs are driven low. If Soft-Ref is above 4V, the delay latch is set. 
Restart delay is timed as Soft-Ref is discharged by 20nA. When 
Soft-Ref is fully discharged, the fautt latch is reset if the fauit input 
signal is low. The Fault pin can be used as a system shutdown pin. 


If a fault is detected during soft-start, the fault latch is set and the 
outputs are driven low. The delay latch will remain reset until Soft-Ref 
charges to 4V. This sets the delay latch, and restart delay is timed. 
Note that restart delay for a single fault event is longer than for 
recurring faults since Soft-Ref must be discharged from 5V instead 
of 4V. 


The restart delay to soft-start time ratio is 24:1 for a fault occurring 
during normal operation and 19:1 for faults occurring during 
soft-start. Shorter ratios can be programmed down to a limit of 
approximately.3:1 by the addition of a 20K or larger resistor from 
Soft-Ref to ground. 


A100K resistor from Soft-Ref to 5V will have the effect of permanent 
shut down after a fault since the internal 20uA current source can't 
pull Soft-Ref low. This feature can be used to require recycling Vcc 
after a fault. Care must be taken to insure Soft-Ref is indeed low at 
start up, or the fault latch will never be reset. 
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UC2861/64/65 
UC3861/64/65 


UVLO, 5V, Fault, and Soft-Ref’ 


= 
Dis 


Per Gnd Inhibit Output(s) (UVLO) 


Stg Gnd 


Inhtbit Output(s) (Fault) 


Soft-Start 


Soft-Ref 


Precision 
SV Zener 


200 x 


(4) Restart Delay 
20nA 


* UCX86! and UCX865 thresholds are 16V and 1OV. 
UCX864 thresholds are 8V and 7V. 


16V (8V)-- UA: 


Soft-Ref 


ae 


| Odtput(s) 


Figure 1 
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UC2861/64/65 
UC3861/64/65 


Ore Shot Pulse 
(Resonant Time) 


Clack 
(laternal) 


ie vih2...-. 
RO Vthi 


Mistaun _ Maxiaun Zero controlled 
Pulse Pulse Pulse 


’ Figure 2 


Minimum oscillator frequency is set by Rmin and Gvco. The minimum 
frequency is approximately given by the equation: 

aah 45 

min = Rmin * Cvco 

Maximum oscillator frequency is set by Rmin, Range & Cvco. The 
maximum frequency is approximately given by the equation: 

7 3.6 

~ (Rimin||Range) * Cvco 


The Error Amplifier directly controls the oscillator frequency. E/A 
output low corresponds to minimum frequency and output high 


Fmax 


corresponds to maximum frequency. At the end of each oscillator 
cycle, the RC pin is discharged to one diode drop above ground. At 
the beginning of the oscillator cycle, V(RC) is less than Vth1 and so 


- -the-output of the-zero detect comparator is ignored. After V(RC) 


exceeds Vth1, the one shot pulse will be terminated as soon.as the 
zero pin falls below.0.5V or V(RC) exceeds Vth2. The minimum one 
shot pulse width is approximately given by the equation: 


“* Tpw(min) = 0.2*R*C. 
The maximum pulse width is approximately given by: 
Tpwi(max) = 1.2*R*C. 
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Steering Logic 


One Shor e. D> []oura 
Foult Latch [Jour 

, UVLO pce and The steering logic is configured on the 

ca C1861 to result in dual non-overlapping 

Square waves at outputs A & B. This is suited 

ms : ; : 2 to drive dual switch ZVS systems. 

“ ea , P]¥cce : ' " The steering logic is configured on the 

One Shot - ! UC1864 to result in inverted pulse trains — 

oe Faelt Lotch— out ks occurring identically at both output pins. This 

[ es : UvLo ose * is Suited to drive single switch ZVS systems. 


Output _ Both outputs are available to drive the same 
050 “*’ ‘MOSFET gate. It is advisable to j join the pins 
: ‘With 0.5 ohm resistors. 


The steering logic is configured on the 
UC1865 to result in alternating pulse trains at 
outputs A & B. This is suited to drive dual 
switch ZCS systems. 


Fault Latch 
UVLO 


" UCK861 : a 
Out B | | : | ‘ | : 


Figure 3 


i 2 irae - 


Unitrode Integrated Circuits Corpordtion : 
”*? Continental Boulevard. « P.O. Box 399 Merrimack, New Hampshire * 03054-0339 oH 2 
Aelephood 603-424-2410 « FAX eae, : ’ a 


ye 
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tNTEGRATED 
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aa UNITRODE 


ISDN Primary Current Mode Controller 


GENERAL FEATURES 


Can Function as a General-purpose 
Low-power Controller 


Fully Synchrenizing Oscillator 


Synchronization to Secondary-side 
Logic 

Leading Edge Blanking of Current ~ 
Sense ‘ : 


50% Maximum Duty Cycle 
Undervoitage Lockout 
Programmable Low Line Sensing 
Programmable Softstart E 
Programmable Fault/Restart Delay : 


ISDN FEATURES 


Zero-power Startup Capability 
Restricted Mode Detection 


Frequency Agile PWM in Restricted 
Mode 


Precision Programmable Quiescent 
Current 


Very Low Quiescent Power for CCITT 
25mW Restricted Mode 


Accurate, Programmable Input Power 
Limit or Input Current Limit 


BLOCK DIAGRAM 


UC1883 
UC2883 
UC3883 


ADVANCED PRODUCT INFORMATION 


DESCRIPTION 


The UC1883 primary-side current mode controller, in conjunction with the UC1885 
secondary-side regulation IC, provides the necessary features to implement an 
ISDN-compatible SMPS with improved output regulation. The chip set is intended for use 
in DC/DC discontinuous flyback power converters, and an external power switch is required. 
Discontinuous flyback is the most economical scheme for developing multiple output 
voltages. Current mode control offers the advantage of pulse-by-pulse current limiting. The 
UC1885 regulation IC provides the feedback control voltage and oscillator synchronization 
via an isolating pulse transformer. The UC1883 uses this control voltage and frequency 
information in a conventional current mode PWM circuit. The leading edge blanking of the 
current sense waveform eliminates the need for an external filtering network on the 1sensE 


_ input. An internal comparator provides pulse-by-pulse current limiting, and a catastrophic 


fault threshold is also maintained: If a fault is detected, the output is immediately disabled, 
and a programmable restart period occurs before a softstart sequence is initiated. The 
softstart ramp and restart delay may be independently programmed with an external resistor 
and capacitor, and a fixed softstart/restart delay ratio may be obtained with only a capacitor. 
Low input line sensing may also be programmed, in which case no output will occur until an 
appropriate input voltage is initially established. 


ISDN-specific features allow the UC1883/UC1885 combination to be CCITT compatible. 
The linear regulator is intended to control a depletion-mode NMOS pass transistor. Startup 
power drawn from the line can be reduced to zero if a bootstrap wifiding provides power to 
the UC1883 Vpp pin. A dedicated comparator senses restricted mode from an external diode 
bridge. Maximum input power or input current may be atcurately programmed and limited 
with an external PMOS pass transistor. The UC1883 operates at very low power levels to 
meet the 25mW restricted mode limit, but the-user-programmable precision bias current 
allows flexible trading of operating frequency against quiescent power consumption. Finally, 
in restricted mode, the PWM becomes frequency agile, operating with a minimum pulse 
width determined by the leading edge blanking circuit. This improvement eliminates the 
spurious EMI generated if short output spikes are produced by the PWM. 


BIAS 7 
CURRENT TO 


ANALOG 
CIRCUITS 


REFERENCE 


OSCILLATOR 


: 


DEMODULATOR: 
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INTEGRATED 


cIRCcUITS UC1885 
UC2885 
ae UNITRODE UC3885 


ISDN Secondary Regulation IC 
ADVANCED PRODUCT INFORMATION 


GENERAL FEATURES DESCRIPTION 


* Wide Operating Range The UC1885 secondary-side regulation IC provides improved output regulation by allowing 
DC sensing of the regulated output. When used in conjunction with the UC1883 primary-side 
PWM controller, the UC1885 supplies the necessary functions to implement an 
* Temperature-stable Oscillator ISDN-compatible SMPS with full secondary isolation. The UC1885 contains a precision 
* Logic Level Synchronization Input system reference and a complete error amplifier. The output of the amplifier serves as the 
PWM control voltage and is provided to the primary side via an isolating pulse transformer. 
The UC1885 also sends synchronization to the primary side with this transformer. 


° Fully Synchronizing Oscillator 


* Precision Reference 


* Error Amplifier for Loop Regulation Undervoltage lockout circuitry prevents transmission of data across the isolatioin barrier 
and Compensation until adequate secondary-side operating conditions are established. 
* Undervoltage Lockout ISDN-specific features allow the UC 1833/UC1885 combination to be CCITT compatible. 


The UC1885 receives two digital bits of information from the UC1883 over the isolating pulse 

transformer. Thesé bits, which indicate restricted power mode and low input line voltage, 

ISDN FEATURES are output on the secondary-side at CMOS logic levels. Precision programming of the 

* Low Line Logic Output quiescent current used by the UC 1885 allows the system to meet the 25mW restricted mode 

; ; power limit, or the current can be set to achieve higher operating frequencies at the cost of 

_® Restricted Mode Logic Output increased power consumption. 
* Precision Programmable Quiescent 

Current 


*° Very Low Quiescent Power for CCITT 
25mW Restricted Mode 


BLOCK DIAGRAM 


REFERENCE 


V REF 


EA OUT 
EA IN(-) ; 
EA IN(+) ; 


MODULATOR 


RSMODE O< 


LOLINE DOX< 


BI 
Reis § O-——] cdr TO ANALOG 


CIRCUITS 


CLOCK 


OSCILLATOR 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. « P.O. Box 399 ¢ Merrimack, New Hampshire * 03054-0399 
Telephone 603-424-2410 ¢ FAX 603-424-3460 
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INTEGRATED : UC 1901 


UC2901 


aa UNITRODE UC3901 
Isolated Feedback Generator 
FEATURES DESCRIPTION 
®@ An amplitude-modulation system for The UC1901 family is designed to solve many of the problems associated with closing a 
transformer coupling an isolated ~ feedback control loop across a voltage isolation boundary. As a stable and reliable 
feedback error signa! alternative to an optical coupler, these devices feature an amplitude modulation system 
© Low-cost alternative to optical couplers which allows a loop error signal to be coupled with a smail RF transformer or capacitor. 
bs Internal 1% reference and error The programmable, high-frequency oscillator within the UC1901 series permits the use 
amplifier of smaller, less expensive transformers which can readily be built to meet the isolation 
e {Internal carrier oscillator usable to requirements of today’s line-operated power systems. As an alternative to RF operation, 
5MHz a ; the external clock input to these devices allows, synchronization to a system clock or to 
® Modulator synchronizable to an external _ the switching frequency of a SMPS. 
clock An additional feature is a status monitoring circuit which provides an active-low output 
© Loop status monitor when the sensed error voltage is within +10% of the reference. 


Since these devices can also be used as a DC driver for optical couplers, the benefits of 
4.5 to 40V supply operation, a 1% accurate reference, and a high gain general purpose 
amplifier offer advantages even though an AC system may not be desired. 


ABSOLUTE MAXIMUM RATINGS (Note 1) i CONNECTION DIAGRAM 


Input Supply Voltage, Vin 0.2.0... cece cece e eee e eee ene een e nner n ren tee tee 

Reference Output Current ........ DIL-14 (TOP VIEW) 
Driver Output Currents .......... J or N PACKAGE 
Status Indicator Voltage ..... 6. cece cee cee eect ecto teen nnee 
Status Indicator Current ..........cccee eee eee es 

Ext. Clock Input ............665 

Error Amplifier Inputs .......... cece cece cence cent n ene e eee eneenee 
Power Dissipation at Ta = 2 


ec, (1) 14] +Vin 


Derate at lOMW/°C above Ty = 50°C 2.0.0... .ccccececeeeeeeeeeceeeeeees 1o0omw =| EXT. clock [24 13] GUTPUT 
Power Dissipation at Tc = 25°C ne COMPENSATION 
Derate at L6mW/°C above Ta = 25°C 2.01. c cee cnn eee eee e en eeee 2000mWw a 
Thermal Resistance, Junction to Ambient ..............0.ceecceeeeeeeeeeeee 100°C/W DRINERE. EL) :INV.ANPUT, 


Thermal Resistance, Junction to Case ....... 0. icc c cece eee nee ee 60°C/W 

Operating Junction Temperature ................ . 55°C to +150°C DRIER ATS ie banked 
Storage Temperature .............0 cece eee . “65°C to +150°C N/C Vaee 
Lead Temperature (Soldering, 10 seconds) ............-ceeeee eee cece eee eenes 300°C 

Note 1: Voltages are referenced to ground, Pin 7. GROUND [7 [8] Rr 


Currents are positive into, negative out of the specified terminal. 


UC1901 SIMPLIFIED SCHEMATIC 


STATUS 
OUTPUT 


1.5 VOLT 
REFERENCE 
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UC2901 
UC3901 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, thése specifications apply for Ta = -55°C to +125°C for the UC1901; 
-25°C to +85°C for the UC2901; and 0°C to +70°C for the UC3901; Vin = 10V, Rr = 10kQ, 
Cr = 820pF) Ta=Ty 


TEST CONDITIONS UC1901/UC2901 UNITS 
; MIN. | TYP. | MAX. | MAX. | 
Reference Section 


Output Voltage pees sca Ms v 
Teun Ti = Twax 1.470 

Une Regain ra> ml] [ets > a 

iced Regulation | lour= OwSma | fof | as | mv 


Short Circuit Current Tj = 25°C -35 | -55 | | -35 [| -55 [ ma | 
Error Amplifier Section (To Compensation Terminal) 
Input Offset Voltage Vom = 1.5V 1 4 


Input Bias Current Vem = 1.5V -1 -3 
input Offset Current ‘ F | 
Small Signal Open Loop Gain | —SSCSC~S~ |] =*d; 


PARAMETER 


CMRR Vow = 0.5 to 7.5V 


Ag 
ala 
O16 
= 

~ 
are) 


TS 
a 

Gein Band Wish Proauet | __——SS—CSCS Sa | a 
a OC 


Modulator/Drivers Section (From Compensation Terminal) 


| Driversink Current [| 800 | oo || 500 | Foo | Tua 
ae = ad 
| i 


a5 
Gain Band Width Proauct | SCS 


Oscillator Section 


Ea [aao [150] 160 [ 130 | 160] 170 | wi 
u30 | [| 170 [zo | | iso [kt 
|_Line Sensitivity | Vw=Sto3sv | S| ts | 5 | | | as | 60 | wv 
| Maximum Frequency | Rr=10K,Cr=1opF_ | S| 8 || | 8 | OM 
| Ext. Clock Low Threshold [ Pini(c=Vw = ff || fs |TV 
| Ext. Clock High Threshold [ Pink(C=Vw | STL te | TS] TV 
Status Indicator Section 
| Input Voltage Window | @E/A inputs, Vom=1.6V—_—| #135 | #150] +165 | #130] #150] #170] mv 
[Saturation Votage «| E/AA input =OV,tonx=16ma__| | | oas{ |_| 045 v_) 
| Max. Output Current | Pin13=3V,E/AAInput=oov | 8 [ 15 [| | 8 | 15 | |. ma_| 
Leakage Current | Pin13=40v, E/AAtnput=o2v | | o5 | 1 | | o5 | 5 | uA 
[| Supply Current Mw =3sv | CE | tl TCL 5 | 0 | om 
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Transformer Coupled Open Loop Transfer Function 


(SEE NOTE) 


OPEN-LOOP VOLTAGE GAIN - DECIBELS 


FREQUENCY — HERTZ 


Transformer Data: N1 = N2 = 20T AWG 26 
Core = Ferroxcube 3E2A Ferrite, 0.5" 0.D. toroid 
Carrier Frequency = 1MHz 


_ Oscillator Frequency 


OSCILLATOR FREQUENCY — Hz 


Cr VALUE — PICOFARADS 


APPLICATION INFORMATION : 
The error-amplifier compensation terminal, Pin 12, is intended as 
a source of feedback to the amplifier’s inverting input at Pin 11. 
For most applications, a series DC blocking capacitor should-be 
part of the feedback network. The amplifier is internally com- 
pensated for unity feedback. : a 


‘The waveform at the driver outputs is a squarewave with an 
amplitude that is proportional to the error amplifier input signal. 


There is a fixed 12dB of gain fromthe error. amplifier com- - 


pensation pin to the modulator driver outputs. The frequency 
of the output waveform is controlled by either the internal 
oscillator or an external clock signal. With the internal oscillator 


PEAK DIFFERENTIAL DRIVER OUTPUT SWING -) 


Typical Driver Output Swing 
vs Temperature 


~§5 -35 -15...5 25 45 65 85 105 125 
TEMPERATURE — (°C) 


the squarewave will have a fixed 50% duty cycle. If the’ internal 
oscillator is disabled by connecting Pin 1, Cr, to Vin then::the 
frequency and duty cycle of the output will be determined by the 
input clock waveform.at Pin 2. If the oscillator remains disabled 
and there is no clock input at Pin’2, there will be a linear 12dB'of 
signal gain to one or the other of the driver outputs depending on 
the DC state of Pin 2. 


The driver outputs are emitter followers which will source a 
minimum of 15mA of current. The sink current, internally limited 
at 700pA, can‘be increased by adding resistors to ground at the 
driver outputs. 


= ""yc1901 
UC2901 
ucasal 
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INTEGRATED 
cIRCcUITS 


am UNITRODE 


Quad Supply and Line Monitor 


FEATURES 
© Inputs for monitoring up to four 
separate supply voltage levels 


¢ internal inverter for sensing a negative 
supply voltage 

® Line/switcher sense input for early 
power source failure warning 


@ Programmable under- and over-voltage 
fault thresholds with proportional 
hysteresis 

@ A precision 2.5V reference 

© General purpose op-amp for 
auxillary use 

© Three high current, >30mA, open- 
collector outputs indicate over-voltage, 
under-voltage and power OK conditions 


© Input supply under-voltage sensing and 
start-latch eliminate-erroneous fault 
alerts during start-up 


© 8-40V supply operation with 7mA stand- 


by current 


BLOCK DIAGRAM 


U1903 
U2903 
U3903 


DESCRIPTION 

The UC1903 family of quad supply and line monitor integrated circuits will respond to 
under- and over-voltage conditions on up to four continuously monitored voltage ievels. 
An internal op-amp inverter allows at least one of these levels to be negative. A separate 
line/ switcher sense input is available to provide early warning of line or other power 
source failures. 


The fault window adjustment circuit on these devices provides easy programming of 
under- and over-voltage thresholds. The thresholds, centered around a precision 2.5V 
reference, have an input hysteresis that scales with the window width for precise, glitch- 
free operation. A reference output pin allows the sense input fault windows to be scaled 
independently using simple resistive dividers. 


The three open collector outputs on these devices will sink in excess of 30mA of load 
current when active. The under- and over-voltage outputs respond after separate, user 
defined, delays to respective fault conditions. The third output is active during any fault 
condition including under- and over-voltage, line/ switcher faults, and input supply 
under-voltage. The off state of this output indicates a “power OK” situation. 


An additional, uncommitted, general purpose op-amp is also included. This op-amp, 
capable of sourcing 20mA of output current, can be used for a number of auxiliary 
functions including the sensing and amplification of a feedback error signal when the 
2.5V output is used as a system reference. - 


In addition, these ICs are equipped with a start-latch to prevent erroneous under-voltage 


indications during start-up. These parts operate over an 8.40V input supple range and 
require a typicat stand-by current of only 7mA. 


SENSE 1 [9] 
SENSE 2 [8] 
SENSE 3 
sense 4 [6] 


SENSE 4 
INVERT LS] 
INPUT : 


+Vin [1] 


Veer (2.5V) 


WINDOW 
ADJUST [4 


GROUND 


LINE/SWITCHER 
SENSE 


GENERAL PURPOSE 
OP - AMP 


O.V. THRESH 


+ViIN 


SUPPLY 
UNDERVOLTAGE 
SENSE 


OVER-VOLTAGE 
COMPARATOR 
est | Ov. FAULT 
— = 
iS al : Tt 
2 a O 
UNDER-VOLTAGE [10] 0.V. DELAY 
COMPARATOR | bocente 
Uv. FAULT 


af] 


is [Ne 
» ; ! 
R 


114] POWER OK 
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U2903 
3903 

ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAM 

Supply Voltage (+VIN) .....-.ccceeeceeeeeceeeen sevens ais page anedie beraebenas abs _ +40V 

Open Collector Output Voltages ........... ccc cece cece e cece cece ee neeeeeeenes +40V DIL-18 (Top View) 

Open Collector Output Currents 2.2.0.0... . cece cece ee eee teen e ence eeeeenee 50mA J or N Package 

Sense 1-4 tnput Voltages °............ cee eee eee ence eee eeeeees -0.3V to +20V 

Line/Switcher Sense Input Voltage ............. cece cece eect ence eeee -0.3V to +40V 


Op-Amp and Inverter Input Voltages ............. 0c cece cece eee ee eeee -0.3V to +40V Vin SF ‘AMP INV, 
Op-Amp and Inverter Output Currents ......... 0. c cece cece eect eee ee eeene ees ~-40mA GP. 
Window Adjust Voltage ........000cccccccecceecsseeceesecuueeeeseunece 0.0V to +10V Vet) OP-AMP NL 
Delay Pin Voltages ..........cscceseseneseeenes  awedeydaddd cues aautitles 0.0V to +5V - GROUND Hie] BS amp our 
Reference Output Current .......... 0c. cece cece e eee e ene escent ee eeeeenetenes -40mA WINDOW. He) LINE/SWITCHER 
Power Dissipation at Ta = 25°C 0... cece ccc cece cece cece ecto tenon ence 1000mWw ADJUST SENSE 

Derate at LOmW/°C above Ta = 25°C Frege ate (5 [74] POWER OK 
Power Dissipation at Tc = 25°C oo... cece cece cee cece eee cee e nee e cena 2000mW 

Derate at 16mW/°C above Tc = 25°C SENSE 4 [6] UV DELAY 
Thermal Resistance, Junction to Ambient’:..................c eee cess cere eee 100°C/W SENSE 3 lia] Ov FAULT 
Thermal Resistance, Junction to Case ........... cee cece cece cece eee 60°C/W 
Operating Junction Temperature ............cccc cece eeeeeeeseees . -55°C to +150°C SENSE 2 [81 OV:EAULT 
Storage Temperature ...... 6... cee cece eee ee ete e tenet eee eeneees —65°C to +150°C SENSE 1 [9] [io] OV DELAY 
Lead Temperature (Soldering, 10 Seconds) ........ ravi cb iavefe aseiMcrefedaraieiesl daciaaens 300°C 


Note: 1. Voltages are referenced to ground.(Pin 3). Currents are positive into, negative out of, the 
specified terminals. 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for T, = -55°C to +125°C for the UC1903; -25°C to 
+85°C for the UC2903; and 0°C to +70°C for the UC3903; +Vin = 15V; Sense Inputs (Pins 6-9 and Pin 15) 
= 2.5V; Vew 4 = 1.0V.) Ta= =TJ = 


. | UC1903/UC2903 UC3903 
PARAMETER TEST CONDITIONS UNITS 
: min. | vp. | max. | min. | re. | MAX. | 


Supply 


vc bosdi bal Seas ae ae De ee 
Supply Under 

Voltage Threshold (Veuv) Fault Outputs Enabled 7.0 75 55 7.0 Vv 
Minimum Supply to Vv 
Enable Power OK Output 


Reference 


ass as [os ar 2s 2 v 


2.465 ae 2.535 | 2.465 ey 535 Vv 
mv 


Output Voltage (Vrer) 


Over Temperature 
lL =O to 1OmA 
+Vin = 8 to 40V 
= 259°C 


Load Regulation 


Line Regulation 
Short Circuit Current 
Fault Thresholds 


Offset from Vrer as a function of Veins 


OV Threshold Adj. Input = Low to High, .230 .270 | .230 25 .270 V/V 
-5V <= Vew 4S 2.5V 
Offset from Vner as a function of Veins 

UV Threshold Adj. Input = High to Low, -.270; -.25 
5V <= Vew «4 S 2.5V 

OV & UV Threshold Hyst. OV S Vew 4S 2.5V 10 20 

OV & UV Threshold i S: 

Supply Sensitivity Pini Neue 20. EN to Oy wee 

Adjust Pin (Pin 4) 

Input Bias Current BV SNe Se OY = = 


Line Sense Threshold Input = High to Low 1.94 2.0 2.06 1.9 20 2.1 Vv 


125 | 175 | 225 | 100 | 175 | 250 mv 


Line Sense Threshold Hyst. 
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ELECTRICAL CHARACTERISTICS (Uniess otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1903; -25°Cto 
+85°C for the UC2903; and 0°C to +70°C for the UC3903; +Vin = 15V: Sense Inputs (Pins 6-9 and Pin 15) 
= 2.5V;.Vew « = 1.0V.) Ta=Ty 


UC1903/UC2903 


PARAMETER TEST CONDITIONS 


Sense Inputs 
Sense 1-4° Input = 2.8V (Note 2) 


Input Bias Current Input = 2.2V (Note 2) 


Line Sense Input . = 
Bias Current Input = 2.3V (Note 2) 


OV and UV Fault Delay 
Charging Current 


Threshold Voltage Delay Pin = Low to High | = | 


Threshold Hysteresis Tj = 25° 


Cc 
Ratio of Threshold Voltage 
Delay to Charging Current , 


Fault Outputs (OV, UV, & Power OK) 


| 2 | fa 

Maximum Current Vour= 2V oes aad oe 
25 | 40 | 

= [25 | 


Saturation Voltage lour = 12mA : 


Vour=40V. 


Leakage Current 
Sense 4 Inverter (Note 3) 
Input Offset Voitage 


input Bias Current 
Open Loop Gain 
PSRR 

Unity Gain Frequency 
Slew Rate 

Short Circuit Current 
G.P. Op-Amp (Note 3) 
Input Offset Voltage 
. Input Bias Current 
input Offset Current 


+Vin = 8 to 40V 


I 
mle 
5/3 


fon) 
ao 
Ss 
o 
| 
.~ 
=|. 


| 
So 
= 
& 
° 
z 
> 


Open Loop Gain 


Vem = 0 to +Vin —2.0V 
+Vin = 8 to 40V 


Unity. Gain Frequency 


Slew Rate ae 
Short Circuit Current T = 25°C ‘ Eo 


Note: 2. These currents represent maximum input bias currents required as the sense inputs cross appropriate thresholds. 

Note: 3. When either the G.P. Op—Amp, or the Sense 4 Inverter, are configured for sensing a negative supply voltage, the divider resistance at the 
inverting input should be chosen such that the nominal divider current is <1.4mA. With the divider current at or below this level possible latching of 
the circuit is avoided, Proper operation for currents at or below 1.4mA is 100% tested in production. oer . 8 
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Typical 2.5V Reference 
Temperature Characteristic t —a OOF) 


iia Sparel ee 
ie ee ee 
ie es ae 


Paseeee 


DELAY — ms/pF 
te} 


REFERENCE CHANGE — PERCENT 


25 


on ¢ 
“65 -35 -15 5 25 45 65 85 105 125 -$5 -35 -15°.5 2 45 65 85 105 125 


JUNCTION TEMPERATURE — °C . JUNCTION TEMPERATURE — °C 


OPERATION AND APPLICATION INFORMATION 


© TO 
OV HYSTERESIS 
CONTROL 


© OV THRESHOLD 


FAULT WINDOW 
Sa ace te & HYSTERESIS 


© UV THRESHOLD 


TO 
as cana 
CANCELLATION 
| AND MIRROR 


CIRCUITS 


aes 


Figure 1. The UC1903 fault window circuitry generates OV and UV thresholds centered around the 2.5V reference. Window magnitude 
and threshold hysteresis are proportional to the window adjust input voltage at Pin 4. 
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OPERATION AND APPLICATION INFORMATION (continued) 
Setting a Fault Window 


The fault thresholds on the UC1903 are generated by creating 


positive and negative offsets, equal in magnitude, that are 
referenced to the chip’s 2.5V reference. The resuiting fault 
window is centered around 2.5V and has a magnitude equal to 
that of the applied offsets. Simplified.schematics of the fault 
window and reference circuits are shown in Figure 1 (see previous 
page). The magnitude of the offsets is determined by the voltage 
applied at the window adjust pin, Pin 4. Abias cancellation circuit 
keeps the input current required at Pin 4 low, allowing the use of a 
simple resistive divider off the reference to set the adjust pin 
voltage. 


The adjust voltage at Pin 4 is internally applied across Ra, an 8K 
resistor. The resulting current is mirrored four times to generate 
current sources loa, los, loc, and loo, all equal in magnitude. When 
all four of the sense inputs are inside the fault window, a no-fault 
condition, Qs and Qs are turned on. In combination with D, and De 
this prevents los and lop from affecting the fault thresholds. In this 
case, the OV and UV thresholds are equal to Vrer + loa(Rs + Re) and 
Vaer — loc(Ry + Re) respectively. The fault window can be 
expressed as: 


(1) 


Va 
4 


In terms of a sensed nominal voltage level, Vs, the window as a 
percent variation is: 

(2) Vs + (10 + Vaou)% 

When a sense input moves outside the fault window given in 
equation (1), the appropriate hysteresis control signa! turns off Qs 
or Qs. For the under-voltage case, Qs is disabled and current 
source los flows through De. The net current through R7 becomes 
zero aS lop cancels loc, giving an 8% reduction in the UV threshold 
offset. The over-voltage case is the same, with Q. turning off, 
allowing lop to cancel the current flow, loa, through Re. The result 
is a hysteresis at the sense inputs which is always 8% of the 
window magnitude. This is shown graphically in Figure 2. 


2.5V 


5 
WINDOW ADJUST VOLTAGE (Vap,) AT PIN 4 


1.0 15 


Figure 2. The fault window and threshold hysteresis scale as 
a function. of the voltage applied at Pin 4, the window 
adjust pin. ; 


By 
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Fault Windows Can be Scaled. Independently 

In many applications, it may be desirable to monitor various 
supply voltages, or voltage levels, with varying fault windows. 
Using the reference output and ‘external resistive dividers this is 
easily accomplished with the UC1903. Figures 3 and 4 illustrate 
how the fault window at any sense input can be scaled 
independently of the remaining inputs. : 


MONITORED 
SUPPLY VOLTAGE 
(Vs) 


SENSE 1-4 INPUT 


FAULT WINDOW FOR THE SENSE INPUT, 
IN PERCENT, IS, 


Ry + Ri Re/(Ry + Ro) 
, , 


Ry 


REF, 
+ 10 (Vapy) 
FOR: 
R, 
Vg (WOM) + 2 
ee Ry. + Ro 


= 2.5V. 


Figure 3. Using the reference output and a resistive divider, a 
sense input with an independently wider fault window 
can be generated. 


FAULT WINDOW FOR 
‘THE SENSE INPUT, 
{N PERCENT, IS; 


2.5V REF. 


‘ R, 
SENSE 1-4 INPUT £1001) “z a 
— 
Figure 4. The general purpose op-amp on the UC1903 can be 
used to create a sense input with an independently 
tighter fault window. 


Figure 4 demonstrates one of many auxillary functions that the 
uncommitted op-amp on the UC1903 can be used for. 
Alternatively, this op-amp can be used to buffer high impedence 
points, perform logic functions, or for sensing and amplification. 
For example, the G.P. op-amp, combined with the 2.5V reference, 
can be used to produce and buffer an optically coupled feedback 
signal in isolated supplies with primary side control. The output 
stage of this op-amp is detailed in Figure 5. The NPN emitter 
follower provides high source current capability, =20mA, while 


the substrate.device, Qs, provides good transient sinking 


capability. +: s 


OPERATION AND APPLICATION INFORMATION (continued) 


+Vin 


UC1903 
G.P. OP-AMP 
- OUTPUT STAGE 


Di 
_ OUTPUT 


TO OP-AMP 
INPUT STAGE 


Figure 5. The G.P. op-amp on the UC1903 has a high source 
current (@20mA) capability and enhanced transient 
sinking capability through substrate device Qs. 


Sensing a Negative Voltage Level 

The UC1903 has a dedicated inverter coupled to the sense 4 
input. With this inverter, a negative voitage level can be sensed as 
shown in Figure 6. The output of this inverter is an unbiased 
emitter follower. By tying the inverting input, Pin 5, high the output 
emitter follower will be reverse biased, leaving the sense 4 inputin 
a high impedence state. In this manner, the sense 4 input can be 
used, as the remaining sense inputs would be, for sensing positive 
voltage levels. 


Uc1903 
SENSE 4 INPUT 


GROUND 


Vg ( wom.) = 2.5V + ers 
R 
NEGATIVE 

SUPPLY (-Vs) NOTE: A SIMILAR SCHEME W/ THE GP. 

OP-AMP WILL ALLOW A SECOND NEGA- 


TIVE SUPPLY TO BE MONITORED. 


Figure 6. inverting the sense 4 input for monitoring a negative 
supply is accommodated with the dedicated inverter. 
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Using The Line/Switcher Sense Output ; 
The line switcher sense input to the UC1903 can be used for early 
detection of line, switcher, or other power source, failures. 
Internally referenced to 2.0V, the line sense comparator will 
cause the POWER OK output to indicate a fault (active low) 


Pt 


condition when the LINE/SWITCHER SENSE input goes from 
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above to below 2.0V. The line sense comparator has 
approximately 175mvV of hysteresis requiring the line/ switcher 
input to reach 2.175V before the POWER OK output device canbe 
turned-off, allowing a no-fault indication. In Figure 7 an example 
showing the use of the LINE/SWITCHER SENSE input for early 
switcher-fault detection is detailed. A sample signal is taken from 


POWER FILTER 
TRANSFORMER 


SUPPLY 
OUTPUT 


PWM 
CONTROL 
“ FO UC1903 
LINE/SWITCHER 
SENSE INPUT 
Figure 7. The line/switcher sense input can be used for an 


early line or switcher fault indication. 


the output of the power transformer, rectified and filtered, and 
used at the line/switcher input. By adjusting the R2C time 
constant with respect to the switching frequency of the supply and 
the hold up time of the output capacitor, switcher faults can be’ 
detected before supply outputs are significantly affected. 


OV and UV Comparators Maintain Accurate Thresholds 


The structure of the OV and UV comparators, shown in Figure 8 
results in accurate fault thresholds even in the case where 
multiple sense inputs cross a fault threshold simultaneously. 
Unused sense inputs can be tied either to the 2.5V reference, or to 
another, utilized, sense input. The four under- and over-voltage 
sense inputs on the UC1903 are clamped as detailed on the Sense 
1 input in Figure 8. The series 2K resistor, Ri,and zener diode, Z;, 
prevent extreme under- and over-voltage cond itions from 
inverting the outputs of the fault comparators. A parasitic diode, 
D,, is present at the inputs as well. Under normal operation it is 
advisable to insure that voltage levels at all of the sense inputs 
stay above -0.3V. The same type of input protection exists at the 
line sense input, Pin 15, except a 5K series resistor is used. 


The fault delay circuitry on the UC1903 is also shown in Figure 8. 
In the case of an over-voltage condition at one of the sense inputs 
Qeo is turned off, allowing the internal 60uA current source to 
charge the user-selected delay capacitor. When the capacitor 
voltage reaches 1.8V, the OV and POWER OK outputs become 
active low. When the fault condition goes away Qzo is turned back 
on, rapidly discharging the delay capacitor. Operation of the 
under-voltage delay is, with appropriate substitutions, the same. 


U1903 


U2903 
U3903 
OPERATION AND APPLICATION INFORMATION (continued) 
EXT. 
6.4V TL Ov DeLay 
or + CAPACITOR 
({ )6oua [10] OV FAULT 
‘7 INDICATION 
Ds TO OUTPUT 
Qe LOGIC 
O 
ov aoe Q 18vV0 
ae Pea 20 : 
COMPARATOR EI SEN RAST 
5 
O O 
als LK OV 
HYSTERESIS. 
THRESHOLD CONTROL 
SENSE 1 - G) 100uA VOLTAGE 
2K 1 
[9 ] 
Ry = 
oA LA -3 
ety 6.4V 
wh = 
q) SQA 19 6.4V me 
— SENSE 2 Qn uv uv EXT. 
rages ashing See 
— SENSE 3 ie ie iA O O Or UV FAULT 
INDICATION 
[6}—SENse 4 O OEIC 
cee een O 
O Qre mene 


Qte 


Quiz 


Qhe 


Da 


Figure 8. The OV and-UV comparators on the UC1903 trigger respective fault delay circuits when one or more of the sense inputs 
move outside the fault window. Input clamps insure proper operation under extreme fault conditions: 


Start Latch and Supply Under-Voltage Sense Allow Predictable 
Power- Up 

The supply under-voltage sense ‘and start-latch circuitry on the 
UC1903 prevents fault indications during start-up or low input 
supply (+Vin) Conditions. When the input supply voltage is below 
the supply under-voltage threshold the OV and UV fault outputs 
are disabled and the POWER OK output is active low. The POWER 
OK output will remain active until the input supply drops below 
approximately 3.0V. With +Viw below this level, all of the open 
collector outputs will be off. 


Unitrode Integrated Circuits Corporation 


When the input supply is low, the under-voltage sense circuitry 
resets the start-latch. With the start-latch reset, the UV fault 
output will remain disabled until the input supply rises to its 
normal operating level (8-40V), and all of the sense inputs are 
above the under-voltage threshold. This allows slow starting, or 
supply sequencing, without an artificial under-voltage fault 
indication. Once the latch is set, the UV fault output will respond if 
any of the sense inputs drop below the under-voltage threshold. 


7 Continental Boulevard. « P.O. Box 399 ¢ Merrimack, New Hampshire * 03054-0399 


Telephone 803-424-2410 * FAX 603-424-3460 
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Sealed Lead-Acid Battery Charger 


FEATURES 

© Optimum control for maximum battery 
capacity and life 

© Internafstate: logic provides three 
charge states ; 


© Precision reference tracks battery 
requirements over temperature 


© Controls both voltage and current at 
charger output 


e System interface functions 


© Typical standby supply current of only 
1.6mA 


UC2906 BLOCK DIAGRAM 


DESCRIPTION 

The UC2906 series of battery charger controllers contains all of the necessary circuitry 
to optimally control the charge and hold cycle for sealed lead-acid batteries. These 
integrated circuits monitor and control both the output voltage and current of the 
charger through three separate charge states; a high current bulk-charge state, a 
controlled over-charge, and a precision float-charge, or standby, state. 


Optimum charging conditions are maintained over an extended temperature range with 
an internal reference that tracks the nominal temperature characteristics of the lead- 
acid cell. A typical standby supply current requirement of only 1.6mA allows these ICs 
to predictably monitor ambient temperatures. 


. Separate voltage loop and current limit amplifiers regulate the output voltage and 


current levels in the charger by controlling the onboard driver. The driver will supply up 
to 25mA of base drive to an external pass device. Voltage and current sense 
comparators are used to sense the battery condition and respond with logic inputs to 
the charge state logic. A charge enable comparator with a trickle bias output can be 
used to implement a low current turn-on mode of the charger, preventing high current 
charging during abnormal conditions such as a shorted battery cell. 


Other features include a supply under-voltage sense circuit with a logic output to indicate 
when input power is present. In addition the over-charge state of the charger can be 
externally monitored and terminated using the over-charge indicate output and over-charge 
terminate input. 


+AVin 
cn HI 
250mv 
c/s 
OUT 


cis ~ HI) 


25mV 


+Vin [5] 


GROUND [6 | 


POWER 
INDICATE 


OVER-CHARGE [3] 
TERMINATE 


CURRENT 
SENSE 


SINK SOURCE COMPENSATION 
paves VOLTAGE 


Tal VOLTAGE 
13 SENSE 


TRICKLE 
BIAS 


12] CHARGE 
i ENABLE 


ENABLE VReF 
COMPARATOR 
AO} STATE LEVEL 
CONTROL 


ra] OVERCHARGE 


> - INDICATE 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage (+VIN) 0.0... 6e cece ce eeeeecueeeceneveeuaeestivesinensere 40V 
Open Collector Output Voltages oo... eee 40V 
Amplifier and Comparator Input Voltages ....... 0... cee ecec ee eeeee -0.3V to +40V 
Over-Charge Terminate Input VOM ABO Ss si sire tsdaieitne Moneta dsa ccuenes edok -0.3V to +40V 
Current Sense Amplifier Output Current .........00.00..0cccecc ecco see, 40mA 
Other Open Collector Output Currents...... 5mA 
Trickle Bias Output Current.......... -40mA 
Driver Current .:......... asia acereiet ot ween a Wi ebea de Mile SAR ad Caw Rice db ce lware sep) 40mA 
Power Dissipation at Ta = 25°C 

Derate at 10mW/°C Above Ta = 25°C... ita Mahe eying tea Win Praia paterstesd sclna eee 1000mW 
Power Dissipation at Te = 25°C 

Derate at L6mW/°C Above Tc = 25°C............ ee fn asbiasaitvueenea wih ahd 2000mw 
Thermal Resistance, Junction-to-Amibient ................... Petdrenb tytn sented 100°C/W 
Thermal Resistance, Junction-to-Case ................, Fates and Peat ene 60°C/W 
Operating Junction Temperature ............ 00 ccceeeceeeseccesec cee. -55°C to +150°C 
Storage Temperature......... se aiee been peEE Re Lhie Vien eeseioaag beeay -65° to +150°C 
Lead Temperature (Soldering, 10 Seconds) ........ 00... eecccecaceecesecee ces 300°C 


UC2906 


UC3906 
CONNECTION DIAGRAM 
DIL-16 (TOP VIEW) 
Jor N PACKAGE 
sr 
C/S OUT [1 16] DRIVER SINK 
b 
c/s - [2 15) DRIVER SOURCE 
c/s+ [3] [14] COMPENSATION 
cre 13] VOLTAGE SENSE 
+Vvin [5] _, [12] CHARGE ENABLE 
GRouno [6 11] TRICKLE BIAS 
POWER STATE LEVEL 
INDICATE 10) CONTROL 
OVER-CHARGE OVER-CHARGE 
t TERMINATE L8 2] INDICATE 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -40°C to +70°C for the UC2906 and 0°C 


to +70°C for the UC3906, +Vin = 10V.) TA=Ty 


PARAMETER TEST CONDITIONS 


2906 


| 3906 | 
MIN. | TyP. | MAX. | MIN.| TYP. | MAX. bettie 


Internal Reference (Vrer) 


ee Supply 

Supply Current +Vin = 10V at 1.6 16 
| +Vin = 40V 18 

Supply Under- r ; ae 

Voltage Threshold +Vin = Low to High 42 | 45 
[ Supply Under- Te il 20 

Voltage Hysteresis : 


iE Measured as Regulating Level 
Voltage Level (Note 2) At Pin 13 w/ Driver Current 2.275 


_| = ima, 7; = 25°C 


2.325 12.270! 2.3 | 2.330 Vv 


Line Regulation +Vin = 5 to 40V 3 | 8 3 | 8 | mv 
[Temperature Coefficient mi -3.9 : -3.9 mv/°C 
| Voltage Amplifier i 
Input Bias Current i Peete ee -5 -.2 
Maximum Output Current Source 745 | -30 zis 715 
Sink 30 | 60 | 90 | 90 | yA 
Open Loop Gain _ Driver Current = 1mA ee ee dB 
Output Voltage Swing Volts Above GND or Below +Vin 2 ote 2 
Driver 
Msouee Diets | Pin 16= Vo = 10m 
Maximum Output Current Pin 16 to Pin 15 = 2V 
Saturation Voltage Driver Current = 10mA 
Current Limit Amplifier 
Input Bias Current 4 
Threshold Voltage Offset Below +Vin 
Threshold Supply Sensitivity +Vin = 5 to 40V 


Note: 2. The reference voltage will change as a function of power dissipation on the die according to the temperature coefficient of the reference and 


the thermal resistance, junction-to-ambient. 
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ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -40°C to +70°C for the UC2906 and 0°C 


to +70°C for the UC3906, +Vin-= 10V.) Ta=TJ 
PARAMETER TEST CONDITIONS 206 sone UNITS 
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. 
Voltage Sense Comparator : 
Threshold Voltage As a Function Li = RESET 955 |.945 | 95 | 955 | V/V 
’ of VreF 905 |.895 | 90 | .905 V/V 
Input Bias Current - Total Input Bias at Thresholds -5 |-.2 uA 
Current Sense Comparator ~~ 
Input Bias Current a 5 1 5 uA 
Le Input Offset Current O01 2 O01 2 BA 
Input Offset Voltage Referenced to Pin 2, lour = 1mA 20 | 25 30 20 25 30 mV 
i. Offset Supply Sensitivity +Vin = 5 to 40V 05 35 05 35 %/V 
cecal Mode CMV = 2V to +Vin 05 | 35 05 | 35 | %/V 
Maximum Output Current Vout = 2V 25 40 25 40 mA 
Output Saturation Voltage lout = 10mA 2 | 45 2 A5 v 
Enable Comparator _ 
[_ Threshold Voltage T 1.01 99 1.0 1.01 V/V 
Input Bias Current “5 = uA 


Output Current 


Trickle Bias Maximum 
Output Voltage 


Trickle Bias Reverse. © 
Hold-Off Voltage 


Over-Charge Terminate Input 
Threshold Voltage 


As a Function of Vrer 99 1.0 
i -5 -.2 
Trickle Bias Maximum Vout = +Vin - 3V 25 |° 40 


+Vin = OV, lout = -10uA 


Internal Pull-Up Current 


L_At Threshold 


ones Collector Outputs (Pins 7, 9 and 10) 


Maximum Output Current 


Vout = 2V 


Saturation Voltage 


Leakage Current 


lout = 1.6mA 


lout = 504A 


Vout = 40V 


Internal Reference Temperature 
Characteristic and Tolerance 
Wee le sal i | 
Vrer GUARANTEED TOLERANCE 
OVER 
TEMPERATURE | 
+UC2906 -40°C TO 70°C 
UC3906 -0°C TO 70°C 


2.20 


REFERENCE REGULATING LEVEL AT PIN 13V 


00 |e eee esas ee Mere So 
-40 -30 -20 -10 0 10 20 30 40 50 60 70 


TEMPERATURE — °C 
4-221 


OPERATION AND APPLICATION INFORMATION 
Dual Level Float Charger Operation 


The UC2906 is shown configured as a dual level float charger in 
.Figure 1. All high currents are handled by the external PNP pass 
transistor with the driver supplying base drive to this device. This 
scheme uses the TRICKLE BIAS output and the charge enable 
comparator to give the charger a low current turn-on mode. The 
output current of the charger is limited to a low level until the 
battery reaches a specified voltage, preventing high current 
charging if a battery cell is shorted. Figure 2 shows the state 
diagram of the charger. Upon turn-on the UV sense circuitry puts 
the charger in state 1, the high rate bulk-charge state. In this state, 
once the enable threshold has been exceeded, the charger will 
supply a peak current that is determined by the 250mvV offset in 
the C/L amplifier and the sensing resistor Rs. 


To guarantee full re-charge of the battery, the charger's voltage 
loop has an elevated regulating level, Voc, during state 1 and 


INPUT 
SUPPLY 


INPUT 
POWER — 
MONITOR 


UC2906 
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state 2: When the battery voltage reaches 95% of Voc, the charger 
enters the over-charge state, state 2. The charger stays in this 
state until the OVER-CHARGE TERMINATE pin goes high. In 
Figure 1, the charger uses the current sense amplifier to generate 
this signal by sensing when the charge current has tapered to a 
specified level, tocr. Alternatively the over-charge could have 
been controlled by an external source, such as a timer, by using 
the OVER-CHARGE INDICATE signal at Pin 9. Ifaloadis applied to 
the battery and begins to discharge it, the charger will contribute 
its full output to the load. If the battery drops 10% below the float 
level, the charger will reset itself to state 1. When the load is 
removed a full charge cycle will follow. A graphical representation 
of a charge, and discharge, cycle of the dual {evel float charger is 
shown in Figure 3. 


+ 
BATTERY (Vp) 
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Figure 1. The UC2906 in a Dual Level Float Charger 


OPERATION AND APPLICATION INFORMATION (continued) 


STATE 2 


CHARGER OUTPUT VOLTAGE 


STATE 1: BULK CHARGE 
STATE 2: OVER CHARGE 
STATE 3: FLOAT CHARGE 


CHARGER OUTPUT CURRENT 


Design procedure: UC2906 


UC3906 
1.) Pick divider current, Ip. Recommended value is 50uA to 100uA. 
2.) Ro = 2.3V/ip. 
3.) Ra+ Rp = Roum = (Ve ~ 2.3V) /Ip 
4.) Rp = 2.3VRsum/(Voc - Ve) 


5) Ra = (Reum + Rx).(1 - 23V/V4) 
where: Rx = RoRp/(Rc + Ro) 


6.) Ra = Rsum - Ra 
7.) Rg = 0.25V/Iypay 
8.) Rr = (Vin ~ Vr - 2.5 


NOTE: Vy2 = 0.95Voc 
V31 = 0.90 VF 
loct = Imax/10 


For further design and application information see 
UICC Application Note U—104. 


Figure 2. State Diagram and Design Equations For the Dual Level Float Charger . 
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Explanation: Dual Level Float Charger 


A. Input power turns on, battery charges at trickle current 
rate. 


B. Battery voltage reaches Vr enabling the driver and turning 
off the trickle bias output, battery charges at Imax rate. 


C. Transition voltage V12 is reached and the charger indicates 
that it is now in the over-charge state, state 2. 


D. Battery voltage approaches the over-charge level Voc and 
the charge current begins to taper. 


eae Je-STATE 1->{+— STATE 2 —*{«— STATE 3—>[*-STATE 1 


E. Charge current tapers to loer. The current sense amplifier 
output, in this case tied to the OC TERMINATE input, goes 
high. The charger changes to the float state and holds the 
battery voltage at Vr. 


F. Here a load (>I!max) begins to discharge the battery. 


G. The toad discharges the battery such that the battery 
voltage falls below V31. The charger is now in state 1, again. 


Figure 3. Typical Charge Cycle: UC2906 Dual Level Float Charger 
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OPERATION AND APPLICATION INFORMATION (continued) 


Compensated Reference Matches Battery Requirements 


When the charger is in the float state, the battery will be main- 
tained at a precise float voltage, Ve. The accuracy of this float state 
will maximize the standby life of the battery while the bulk-charge 
and over-charge states guarantee rapid and full re-charge. All of 
the voltage thresholds on the UC2906 are derived from the 
internal reference. This reference has a temperature coefficient 
that tracks the temperature characteristic of the optimum charge 
and hold levels for sealed lead-acid celts. This further guarantees 
that proper charging occurs, even at temperature extremes. ; 


Dual Step Current Charger Operation 


Figures 4, 5 and 6 illustrate the UC2906's use in a different 
charging scheme. The dual step current charger is useful when a 
large string of series cells must be charged. The holding-charge 


state maintains a slightly elevated voltage across the batteries | 


with the holding current, In. This will tend to guarantee equal 
charge distribution between the cells. The bulk-charge state is 
similar to that of the float charger with the exception that when V12 
is reached, no over-charge state occurs since Pin 8 is tied high at 
all times. The current sense amplifier is used to regulate the 
holding current. In some applications a series resistor, or external 
buffering transistor, may be required at the current sense output 
to prevent excessive power dissipation on the UC2906... - 
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UC2906 
UC3906 


A PNP Pass Device Reduces Minimum Input 
to Output Differential 


The configuration of the driver on the UC2906 allows a good bit of 
flexibility when interfacing to an external pass transistor. The two 
chargers shown in Figures 1 and 4 both use PNP pass devices, 
although an NPN device driven from the source output of the 
UC2906 driver can also be.used. In situations where the charger 
must operate with low input to output differentials the PNP pass 
device should be configured as shown in Figure 4. The PNP can be 
operated in a saturated mode with onlythe series diode and sense 
resistor adding to the minimum differential. The series diode, D1, 
in many applications, can be eliminated. This diode prevents any 
discharging of the battery, except through the sensing divider, 
when the charger is attached to the battery with no input supply 
voltage. If discharging under this condition must be kept to an 
absolute minimum, the sense divider can be referenced to the 
POWER INDICATE pin, Pin 7, instead of ground. In this manner the 
open collector off state of Pin 7 will prevent the divider resistors 
from discharging the battery when the input supply is removed. 
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Figure 4. The UC2906 in a Dual Step Current Charger 


CHARGER OUTPUT VOLTAGE 


Imax + tH 
ee es ee V1 
= Ra 4 Ra 
1) Vi2 = .95 Vrer (1+ Ro + Rp ) 
Ra 
2) V =V 1+s- 
Ve ) VE REF ( Ro) 
—Vai 3) V21 = OVE 
.25V 
4) | = 
P ) IMAX = Ro 
025V 
5.) | = 
ot RSH 


STATE 1: BULK CHARGE 


STATE 2: HOLDING CHARGE 


CHARGER OUTPUT CURRENT 


Figure 5. State Diagram and Design Equations for the Dual Step Current Charger 
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Explanation: Dual Step Current Charger 


A. Input power turns on, battery charges at a rate of I + Imax. 


Imax + IH. 


B. Battery voltage reaches V12 and the voltage loop switches 


to the lower level Ve. The battery is now fed with the holding 
current In. 


C. An external load starts to discharge the battery. 


Figure 6. Typical Charge Cycle: UC2906 Dual Step Current Charger 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. * P.G. Box 399 « Merrimack, New Hampshire * 03054-0333 
Telephone 603-424-2410 ¢ FAX 603-424-3460 
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UC2906 
UC3906 


D. When V¢ is reached the charger will supply the full current 


E. The discharge continues.and the battery voltage reaches 
Va1 causing the charger to switch back to state 1. 


emeurs > . UC7800 
am UNITRODE _ _ Borner 
Three Terminal Fixed Voltage Positive Regulators 


2) 


FEATURES DESCRIPTION 
¢ Complete Specifications at 1A Load These three terminal monolithic positive voltage regulators employ internal current 
limiting, thermal shutdown and safe area compensation, making them essentially 
indestructible. If adequate heat sinking is provided, they can deliver over 1A of output 
© Internal Thermal Overload Protection current. They are intended as fixed voltage regulators in a wide range of applications 
@ Internal Short Circuit Current Limiting including local (on arte aed for peated vedienestada aera associated 
f with single point regulation. In addition to use as fixed voltage regulators, these devices 
: Cae . Leila Safe Area can be used with external components to obtain adjustable output voltages and 
currents. The 7800 and 7800C series have output tolerances of +4%. The 7800A and 

© Available in TO-3, TO-220, TO-257, and 7800AC series offer +1% tolerances on initial output voltage and, in addition, are 

isolated TO-257 specified to provide better regulator performance. 
© Output Voltages of 5V, 12V and 15V 

(For Other Voltages, Please Contact the 

Factory) 


© No External Components 


K(TO-3) 


G, 1G (TO-257) 


Non-isolated 
Pin 1. Adjust 
[ 04] 2. Input 
3. Output 
4, Output 


Isolated 
Pin 1. Adjust 
2. Input 
3. Output 
4. No Connection 


Pin 1, Adjust 
2. Input 
Case: Output 


TYPICAL APPLICATIONS 


Fixed Output Regulator Current Regulator 


UC78XXx 


Notes: 1. To specify an output voltage, substitute voltage R ! 
value for “XX”. “ 
2. Although no output capacitor is needed for stability, 
it does improve transient responses. 
3. Input capacitor required if regulator is located 
an appreciable distance from power supply filter. 


Note: When ordering, add “K” (for TO-3 package), “T” (for TO-220 package), “G” (for non-isolated TO-257) and “IG” (for isolated TO-257) to the part number 
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UC7800 UC7800C SERIES 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage .... 2... c cece cece e ee ner erence tee eneneeseenrcescnneaeres snare esses 35V 
Power Dissipation .........0.ceccee crore reece ec ee nen e eter eeetereres Internally limited 
Operating Junction Temperature Range 
UC7800 SERIES 1.0... cece cece cece entree eee tenet ener eeneeeee -55°C to +150°C 
UC7800C SERIES 0.0... cece cee cece recente cnet ners enone ce tenenereee 0°C to +125°C 
Storage Temperature Range .........-... seer eee eee e cette ere e tere ees -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 
K (TO-3), G, IG (TO-257 Packages).........-660eeeseeeeee eset erent eee es cece es 300°C 
T (10-220) package .........ececeece eect eect eee eee eee n nent reece eee e eens 230°C 


Power/Thermal Characteristics . 
K (TO-3) Package T (T0-220) Package —_ G (TO-257) Package IG (ISOLATED TO-257) 


Rated Power @ 25°C 


Teese etling ace tdatadamat cies $e egetie e's 40) | rere 1) eee 

Theos stn cteee capes sens cechn pee satee es BBW! oyciee alco eran ete OW occ ccc cece ees eees 
Thermal Resistance ; 

Bye sevecerencereeteceeeeneeenscenets 3°C/W «0. eee eee eee B°CIW oe eee eeee ee nee 3.5°C/W 

Ban vec nse rcccscenseescnneceeenecege BB°C/W oer e eee eee 60°C/W 


ELECTRICAL CHARACTERISTICS TA=T5 


UC7805 UC7805C 


PARAMETER , TEST CONDITIONS ; UNITS 
L_ MIN. | TYP. | MAX. | MIN. | TYP. | MAX. 
T, = 25°C, Vin = 10V, lo = 1A 48 5.2 48 5.2 vo 
Output Voltage T, = 25°C, 7.5V < Vin < 20V : 
5mA < lour = 1A, Po = 15W 48 5.2 4.77 L Je 5.23 Vv | 
Over Temperature, Twin S Tj = Tuax 4.75 5.25 475 5.25 Vv 
; , T, = 25°C, 7.5V < Vin S 20V, Io = 500MA 25 35 mv 
Line Regulation ae 
i Over Temperature, Taw < 1) < Tuax 10 50 10 50 mV 
F T, = 25°C, Vin = 10V, 5MA < 10 = 1.5A_ (Note 1) | 20 26 20 40 mV 
Load Regulation te 
Vin = 10V, SMA < lo SIA (Note 1) 
Over Temperature, Twn = T) = Teax 50 =I mi 50 mv 
: T = 25°C,-Vin = 1OV, lo= 1A 45 6 45 6 mA | 
Quiescent Current ——t 
Over Temperature, Tww <= T) = Tevax : 6.5 : _| 6.5 mA | 
T, = 25°C, Vm = 10V, SMA <Io< 1A 4 ~] 4 | mA 
Quiescent Current Over Temperature, Twin < T) = Tax 5 [= 5. mA | 
; —- 
Change T, = 25°C, 7.5V < Vin < 20V, lo = 500mA 8 8 | mA 
Over Temperature, Twin ST, = Tmax 1.0 1.0 mA 
Ripple Rejection T, = 25°C, 8V < Vin S 18V, lo = 500MA 63 63 dB 
Output Noise Voltage| T, = 25°C, Viv = 10V, lo = 1A ao | 40 WN 
Dropout Voltage | ‘T,= 25°C, lo= 1A 
Peak Output Current | 1) = 25°C 2.4 24 A 
Fae _—_| 
Avg. Temp. Variation | Qec < T, < Twax, Vin = 10V, lo = SMA 4 -4 mv/°C 
of Vour i 
Long Term Stability 1000 Hrs. @ T, = 125°C, Vin = 10V, lo = SMA 20 20 i: ae 
Thermal Shutdown Vin = 1OV, lo = 5MA 175 | | 175 °c 
Tmax 125 125 me 
[ Ti [ss of [re 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 


1) Measurement taken at 0.180 inches from case for G and IG Packages. 
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ELECTRICAL CHARACTERISTICS Ta=Ty 


UC7800 UC7800C SERIES 


UC7812 UC7812C 
PARAMETER TEST CONDITIONS ine a —— UNITS 
MIN. | TYP. | MAX. MIN. | TYP. | MAX. 
Ti = 25°C, Vin = 19V, flo = 1A 11.52 12.48 | 11.52 12.48 Vv 
Output Voltage T, = 25°C, 14.5V < Vw <27V a 
5mA S lour S 1A, Po S 15W 11.52 | 12.48 11.46 12.54 Vv 
Over Temperature, Twin ST, < Tuax 11.40 12.60 | 11.40 T 12.60 v 
? T, = 25°C, 14.5V < Vin < 27V, to = 500MA | 60 84 mv 
Line Regulation : Th 
.Over Temperature, Twin < 1, < Tuax 20 120 1 20 | 120 mv 
. T, = 25°C, Vin = 19V, 5MA < 190 <1.5A_ (Note 1) 50 64 50 100 mV 
Load. Regulation r 
Vin = 19V, SMA < 1g < 1A 
— Over Temperature, Twin < Tj < Tax (Note 1) 120 20 mV 
: T = 25°C, Vin = 19V, lo = 1A 4.5 7 | 45 7 mA 
Quiescent Current 1 
[ Over Temperature, Tain < T; < Tax 6.5 6.5 mA 
T, = 25°C, Vin = 19V, 5SMA S10 < 1A 4 A mA 
Quiescent Current Over Temperature, Twin S Tj < Twax [_ 5 5 mA 
Change T) = 25°C, 14.5V < Vw < 27V, lo = 500mA 8 8 | mA 
Over Temperature, Tum < Ti < Twax a ee ee ee 
Ripple Rejection Ti = 25°C, 15V < Vw < 25V, lo = 500mA 86s [oo a see[ 
Output Noise Voltage| 1, = 25°C, Vis = 19V, lo = 5mA WW 
Short Circuit Current | 1, = 25°C, Vw = 19V es EE ee ee ee 
Peak Output Current | T, = 25°C ae ee a ee 
Avg. Temp. Variation 0°C <T,<Twax. Vin = 19V, Io = 5mA mv/°C 
of Vour 
Long Term Stability 1000 Hrs. @ Tj = 125°C, Vin = 19V, lo =5mA 50 50 mV 
Thermal Shutdown Vin = 19V, lo = 5mMA 1175 175 °c 
Traax 125 125 °c 
Tau [5 iE Sle °C 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (ty < 10mg, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 


1). Measurement taken at 0.180 inches from case for G and IG Packages. 
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UC7800 UC7800C SERIES 


ELECTRICAL CHARACTERISTICS T,p-T, 


UC7815 . UC7815C 
MIN. | TYP. | MAX, 


PARAMETER TEST CONDITIONS 


UNITS 


Ty = 25°C, Vin = 23V, lo = 1A 15.6 15.6 
Output Voltage T, = 25°C, 17.5V < Vw < 30V hae 
5mA S lour = 1A, Po = 15W 14.4 15.6 14.3 15.7 Vv 
Over Temperature, Twn STi < Twax 
T, = 25°C, 17.5V < Vw < 30V, lo = 500mA 
Line Regulation 
Over Temperature, Twi < T; < Twax 22 | 150 22 | 150 
T, = 25°C, Viv = 23V, 5MA < lo < 1.5A (Note 1) 50 | 80 50 | 120 
Load Regulation Vin = 23V, 5MA Slo S1A 
. Over Temperature, Twin < Tj < Trax (Note 1) 150 150 mV 
Tj = 25°C, Vin = 23V, lo = 1A 4.5 7. 45 7 mA 
Quiescent Current Over Temperature, Twin <= Tj) <= Tax 6.5 6.5 mA 
Tj = 25°C, Vin = 23V, SMA < Ilo < 1A 4 4 mA 
Quiescent Current Over Temperature, Tain S Tj S Twax 5 5 mA 
Change T, = 25°C, 17.5V < Vw < 30V, lo = 500MA [8 8 | ma 
Over Temperature, Tuan < Tj < Twax 1.0 1.0 mA 
Ripple Rejection Tj = 25°C, 18.5V < Vin = 28.5V, lo = 500MA 54 54 dB 
Output Noise Voltage | Tj = 25°C, Vin = 23V, lo = SMA 90 90 uN 
Dropout Voltage T,= 25°C. lo = 1A 2 2 v 
Short Circuit Current | T; = 25°C, Vin = 23V 1.2 1.2 A 
Peak Output Current | 1; = 25°C. 2.4 — 2.4 ! A 
O°C < Tj S Tmax, Vin = 23V, lo = SMA -1.0 -1.0 mvV/°C 
of Vout nee © en 
Long Term Stability 1000 Hrs. @ Tj = 125°C, Vin = 23V, lo = 5mMA 60 60 mV 
Thermal Shutdown Vin = 23V, lo = 5mA 175 175 °c 
Tmax 125 125 °c 
Twin -55 = 30 | °Cc 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (ty < 10ms, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 


1) Measurement taken at 0.180 inches from case for G and IG Packages. 


ORDERING INFORMATION 


OUTPUT po PACKAGESUFFIX 
VOLTAGE K (TO-3) G (T0-257) IG (ISOLATED TO-257) 


5V UC7805K UC7805G UC7805IG 
UC7805CK UC7805CG UC7B0SCIG 

12V UC7812K UC7812G UC7812IG 
UC7812CK UC7812CG UC7812CIG 

18V UC7815K UC7815G UG78151G 
UC7815CK UC7815CG UC7815CIG 


Unitrode integrated Circuits Corporation 
7 Continental Baulevard. ¢ P.O. Box 399 * Merrimack, New Hampshire ¢ 03054-0399 
Telephone 603-424-2410 ¢ FAX 603-424-3460 
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INTEGRATED 


cimcurrs UC7800A 
as UNITRODE UC7800AC 


Three Terminal Fixed Voltage Positive Regulators SERIES 


FEATURES , , DESCRIPTION 
© 1% Output Voltage on 7800A, AC These three terminal monolithic positive voltage regulators employ internal current 
Series limiting, thermal shutdown and safe area compensation, making them essentially 


indestructible. lf adequate heat sinking is provided, they can deliver over 1A of output 

Current. They are intended as fixed voltage regulators in a wide range of applications 

© No External Components including locat (on card) regulation for elimination of distribution problems associated 

@ Internal Thermal Overload Protection with single point regulation. In addition to use as fixed voltage regulators, these devices 

: asae paras can be used with external components to obtain adjustable output voltages and 

* Internal Short Circuit Current Limiting currents. The 7800 and 7800C series have output tolerances of +4%. The 7800A and 

© Output Transistor Safe Area 7800AC series offer +1% tolerances on initial output voltage and, in addition, are 
Compensation specified to provide better regulator performance. 

® Available in TO-3, TO-220, TO-257, and 


isolated TO-257 


© Output Voltages of 5V, 12V and 15V. 
(For Other Voltages, Please Contact the 
Factory) 


® Complete Specifications at 1A Load 


K(TO-3) G, IG (TO-257) 


Non-isolated 
Pin 1. Adjust 


[04] 2. Input 


3. Output 


4. Output 


Isolated 
Pin-1. Adjust 
Pin 1. Adjust 2. Input 
2. Input : 3. Output 
Case: Output 4. No Connection 


TYPICAL APPLICATIONS 


| 
Fixed Output Regulator Current Regulator 
INPUT © UC78XX © OUTPUT 
22uF 3 iF 
Notes: 1. To specify an output voltage, substitute voltage Jour = Your , lo 
value for “XX”. Rs 
2. Although no output capacitor is needed for stability, 
it does improve transient responses. 
i 3. input capacitor required :f regulator is iocated 
: an appreciable distance from power supply filter. 
i \ 
— ass 


Note: When ordering, add "K” (for TO-3 package}, “T” (for TO-220 package}, “G” (for non-isolated TO-257) and “IG” {for isolated TO-257) to the part number 
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UC7800A UC7800AC SERIES 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage 0.0... cece cece eee eee ees an btdideeatedact Seiten re we ewsaniina Tees eer 35V 
Power Dissipation ......... 00s eee e cece eee ete eee e eee e ere erreenees Internally limited 
Operating Junction Temperature Range 
UC7800 SERIES .......... b sdinwg-s Ty hee tenparvierescme temas vide reaes -55°C to +150°C 
HE7800C. SERIES 3554. ccneuidatarpcaidernede dia waalesentu pencageend O°C to +125°C 
Storage Temperature Range ........ 0... cece eee e cece eee ee teen e eee -65°C to +150°C 
Lead Température (Soldering, 10 seconds) 
K (TO-3), G, IG (TO-257 Packages)....... 6.6... bese eee rece e eee eet e eee e renee 300°C 
TXTO220) Package 5s ns isa cna ca beassuayd Laur erdacdoup eda eee oniawan chess 230°C 


Power/Thermal Characteristics 
, K (TO-3) Package T (TO-220) Package G (TO-257) Package IG (ISOLATED TO-257) 


Rated Power @ 25°C 


Teds Beanie nie meh aeddadeaie dt verateaers OW civ cate inten sh Saha ee LOW dawned ti ine aenens POWs cecends ee eeaeeee TOW sconce. 

T aitccnte Bere acectsaybescnat a ble sists ln tde deere renters BOW, cc cacuses Setup at OM wiv exeweuancesewe ee een re nr | or 
Thermal Resistance 

OiCE ste cat cain die Se daeeaeneess SECLW 8 seestes es eee S BPGIW encase sputyeatnes BSPCIW.. cece cece cece eee 4.2°C/W....... 

Cy eT eee eRe ae TC rey SO°G/W iczesevce cues BO°C/W ... cee eee ee eee BOO CI Winiciee vee tian acted 42°C/W....... 


ELECTRICAL CHARACTERISTICS Ta=Ty 
i 


UC7805AC 
TYP. 


PARAMETER TEST CONDITIONS 
MAX. 


T) = 25°C, Vin = 10V, lo = 1A 


Output Voltage Tj = 25°C, 75V < Vin S 20V 
; 5mA < Sour = 1A, Po = 15W 


Over Temperature, Tain <= T) < Tmax 
T = 25°C, 7.5V <= Vin S 20V, lo = 500mA 
Over Temperature, Tain <= Tj < Tmax 
= 25°C, Vin = 10V, 5MA < lo < 1.5A (Note 1) 


Vin = 10V, BMA Slo < 1A (Note 1) 
Over Temperature, Twin < T; S Twax 


= 25°C, Vin = 1LOV, lo = 1A 
Over Temperature, Twin ST) S Tax 
- Tj = 25°C, Vw = 10V, SMA Slo S 1A 
| Quiescent Current Over Temperature, Twin = T) = Tax 
| 


Line Regulation 


Load Regulation 


Quiescent Current 


Change T) = 25°C, 7.5V < Vin < 20V, Io = 500mA 
i Over Temperature, Twin S T; S Tmax 
| Ripple Rejection T, = 25°C, 8V < Vin <= 18V, lo = 500MA 


Output Noise Voltage| 1 = 25°C, Vin = 10V, lo = 1A 
Dropout Voltage T; = 25°C, lo = 

Short Circuit Current | T, = 25°C, Vin = 10V 
Peak Output Current | T, = 25°C 


a Nias Variation | gee < T= Ts’ Vor = 10V. 16 = SrA 


Long Term Stability 1000 Hrs. @ T, = 125°C, Vin = LOV, lo = 5mA 
Thermal Shutdown Vin = 10V, lo = 5mA 


Trax 


Tain 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (t~ < 10ms, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 


1} Measurement taken at 0.180 inches from case for G and IG Packages. 
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ELECTRICAL CHARACTERISTICS Ta=Ty 


PARAMETER 


Output Voltage 


TEST CONDITIONS 


=|z 
& 


T= 25°C, Vin = 19V, lo = 1A 


T = 25°C, 14.5V < Vin S$ 27V 
5mA S lour = 1A, Po = 15W 


Over Temperature, Twin < T; < Twax 
T, = 25°C, 14.5V < Vin < 27V, lo = 500mA © 
Over Temperature, Twin S T) < Tax 
Ti = 25°C, Vin = 19V, 5MA <lo < 1.5A_ (Note 1) 


Vin = 19V, SMA Slo S 1A 
Over Temperature, Twin < T; S Tuax 


an 


Line Regulation 


Load Regulation 


(Note 1} 


UC7812A 


UC7800A UC7800AC SERIES 


crac 
ren [se | [22 
iz | nn |_| rex 


wiry 


e 


Tj) = 25°C, Vin = 19V, lo = 1A 


Quiescent Current 
Over Temperature, Twin S T; S Tax 
T, = 25°C, Vn = 19V, 5MA S10 S 1A 
Quiescent Current Over Temperature, Twin < Tj < Twax 
Change T, = 25°C, 14.5V < Vin <27V, lo = 500MA 
Over Temperature, Tain < T; < Tax 
Tj = 25°C, 15V < Vin S 25V, lo = 500MA 
Ti = 25°C, Vin = 19V, lo = SMA 
T = 25°C, lo = 1A 
Tj, = 25°C, Vin = 19V. 
T = 25°C 


LT Be | 


Tiel elt | fa 
] 


Ripple Rejection 


a 


Output Noise Voltage 


N 


Dropout Voltage 
Short Circuit Current 


Peak Output Current 


Avg. Temp. Variation 
of Vour 


Long Term Stability 
Thermal Shutdown - 


O°C ST, <= Tmax, Vin = 19V, lo = SMA 


1000 Hrs. @ Tj = 125°C, Vin = 19V, lo = SMA 
Vin = 19V, lo = SMA 


- mle 


Trax 


Taine 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques 
changes due to changes in internal temperature must be taken into account separately. 


1) Measurement taken at 0.180 inches from case for G and IG Packages. 
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{t. <= 10ms, duty-cycle < 5%). Output voltage 


UC7800A UC7800AC SERIES 


ELECTRICAL CHARACTERISTICS Ta=TJ 


_ PARAMETER 


Output Voltage 


_ TEST CONDITIONS 


Tj = 25°C, Vin = 23V, lo = 1A 


T\ = 26°C, 17.5V = Vin = 30V . . 
5mA < lour = 1A, Po = 15W 


Over Temperature, Twin = T) = Taax 

T, = 25°C, 17.5V < Vw <= 30V, lo = 500MA 
Over Temperature, Taw = T) = Tax | 

T, = 25°C, Vin = 23V, SMA < Io < 1.5A (Note 1) 


Load Regulation Vin = 23V, 5mMA Slo S 1A 
Over Temperature, Twin = T) = Twax (Note 1) 


“TT, = 25°C, Vv = 23V, lo = 1A 

Over Temperature, Twin Tj = Twax 

T, = 25°C, Vin = 23V, 5mMA Slo = 1A 

Over Temperature, Tain <= T; = Tax 

T, = 25°C, 17.5V < Vin = 30V, lo = 500MA 
Over Temperature, Twa = Tj = Twax 

T, = 25°C, 18.5V < Vin < 28.5V, lo = 500MA 
T = 25°C, Vin = 23V, lo = S5mA 

T, = 25°C, lo= 1A 
T = 25°C, Vin = 23V 
T; = 25°C 


Line Regulation 


oa LX 
< <j< 


Quiescent Current 


Quiescent Current 
Change 


Ripple Rejection 
Dropout Voitage 
Short Circuit Current 


‘Peak Output Current 


Avg. Temp. Variation- 
of Vour 


Long Term Stability 
Thermal Shutdown 


+ lo 


0°C ST; S Tax, Vin = 23V, lo = 5MA 


1000 Hrs. @ Tj = 125°C, Vin = 23V, lo = 5mMA 
Vin = 23V, lo = 5mA 


Trax 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (ty < 1Oms, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 


ele pes 
NIN 4 


1) Measurement taken at 0.180 inches from case for G and IG Packages. 


ORDERING INFORMATION 


= ago 77 
voutage | kcro-a) ta (ro.257)_|_1G ((SOLATED TO-257) 
_ U 


sv UC7805AK UC7805AG : UC780SAIG 
UC7805ACK UC7805ACG UC7805ACIG 
UC7812AK C7812AG UC7BI2AIG = 
UC7812ACK UC7812ACG UC7812ACIG 

15V UC7815AK UC7815AG UC7815AIG 
UC7815ACK UC7815ACG UC7B15ACIG 


Unitrode Integrated Circuits Corporation : 
7 Continental Boulevard. ¢ P.O. Box 399 ¢ Merrimack, New Hampshire * 03054-0399 
Telephone 603-424-2410 « FAX 603-424-3460 
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INTEGRATED 
CIRCUITS 


aa UNITRODE 


UC7900 
UC7900C 


Three Terminal Fixed Voltage Negative Regulators 


FEATURES 

© Output Current to 1.54 

© One External Component 

® tntetnal Thermal Overtoad Protection 
© Internal Short Circuit Current Limiting 


© Output Transistor Safe Area 
Compensation 

Available in TO-3, TO-220, TO-257, and 
isolated TO-257 


* Output Voltages of -5V, -12V and -15V 
(For Other Voltages, Please Contact the 
Factory) 


DESCRIPTION ? 

These three terminal monolithic negative voltage regulators employ internal current 
limiting, thermal shutdown and safe area compensation, making them essentially 
indestructible. !f adequate heat sinking is provided, they can deliver over 1A of output 
current. They are intended as fixed voltage regulators in a wide range of applications 
including local (on card) regulation for elimination of distribution problems associated 
with single point regulation. In addition to use as fixed voltage regulators, these devices 
can be used with external components to obtain adjustable output voltages and 
currents. The 7900 and 7900C series have output tolerances of 4%. The 7900A and 
7900AC series offer +1% tolerances on initial output voltage and, in addition, are 
specified to provide better regulator performance. 


K(TO-3) 


Pin 1. Adjust 
2. Input 
Case: Output 


G, IG (TO-257) 


ABSOLUTE MAXIMUM RATINGS ha aia 
INpUt-Voltage aise bc eke Sonitis ecu slesencesiss octave dd aseueds walek SOTR Sonu een e ree eee -35V Bde 
Input-Output Voltage Differential ...0...0...0..00.ccccceeeceecseeccueceucceuessees 30V | o4} 2. Input 
Power Dissipation ............. 0.2. e cc cece cece eee ceeeeeeececeesucuce Internally limited 3. Output 
Operating Junction Temperature Range 4. Output 
UCTSOOA. SERIES -iieiils ccciscsiccass 00's weibauiatne oe. Ob'ed faSs da degoe ed sens -55°C to +150°C 
UC79Q0AC SERIES, icc encvetscaceseabsreivegeaeeye eedas eeGeu vanes O°C to +125°C Isolated: 
UC7900 SERIES «0.0.0.0... cc eceeeceee seen Aare teres ~55°C to +150°C solate 
UC7900C SERIES ...........0 cee stiencietepnceHabe outed ended cauk dea fs 0°C to +125°C Pin 1. Adjust 
Storage Temperature Range ...........0. ccc ccceevcevececeeeuseeues -65°C to +150°C 2. Input 
Lead Temperature (Soldering, 10 seconds) 3. Output 
K (TO-3), G, IG, (TO-257) package .......... cece ccc cece cence eee nee eeeeceeaed 300°C i 
T (TO2920)- package 2. csifu. sss bok cdot vace sgnecinccon atin vay od cabanas 230°C SE Connecen 
Power/Thermal Characteristics 
K ~ S = Pack IG (Isol TO-257 
Power @ 25°C (TO-3) Package T (TO-220) Package G (TO-257) age (Isolated TO-257) 


Gs cbeccnss fuetatinvsedieltestati voce 20w 


Ta ..... : 4.3W .. 
Thermal Resistance 

DIG: sasnisciiciccenes Las sa tivaeeensseciad 3°C/W 

IC sick Sows Seabed teen sucu scat met ec nore 35°C/W 


ceekbigeyemaane see BOPCIW oo. eee eeeees F2°C/W vce ees 4QICIW Les 


Note: When ordering, add sutfix “K” (for TO-3 package}, “T” (for TO-220 package), “G" (for non-isolated TO-257) and “IG” (for isolated TO-257) 


to the part number. 
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UC7900 

UC7900C 

SERIES 

: 5V, NEGATIVE 
TYPICAL APPLICATIONS ; 


[ Input bypass capacitors are recommended: for stable operation of the UC7900 series of regulators over the input voltage and output 
current ranges. Output bypass capacitors will improve the transient response of the regulator. 


The bypass capacitors, (2.2uF on the input, luF on the output) should be ceramic or solid tantalum which have good high frequency 
characteristics. {f aluminum electrolytics are used, their values should be 10, or larger. The bypass capacitors should be mounted with 
the shortest leads, and if possible, directly across the regulator terminals. 


Fixed Output Regulator Basic Current Regulator 


UCT9XX 


2.2pF T 
4 © four 
= = 
lous = a + lo 
ELECTRICAL CHARACTERISTICS Ta=Ty 
; : UC7905 
PARAMETER TEST CONDITIONS : UNITS 
MIN. | TYP. | MAX. MIN.” 
T, = 25°C, Vin = -10V, lo = SMA -4.80 | -5.20 
Output Voltage rr, = 25°C, -25V < Vin <= -8V 


-5.20 

5mA S lour = 1.0A, P = Po -5.20 

Over Temperature, Twin = T; S Tax [5.25 | | -4.75 | 
“T= 25°C, -25V < Vin S ~7V, lo = SMA f . | 25) 
T; = 25°C, Viv = -10V, SMA < lo < 1.5A (Note 1) 
T, = 25°C, Vin = -10V, lo = 5S0OMA 
Over Temperature, Tain <7) S Tuax 
T, = 25°C, Vin = -10V, 5MA < lo < 1.5A 
T, = 25°C, -25V < Vin = -8V, lo = 500MA 
Ripple Rejection T; = 25°C, -18V < Vw < -8V, lo = 500mMA 

Output Noise Voltage Hopes Vie ley nou " 

T, = 25°C, lo= 1A 


Tj) = 25°C, Vin = -10V 
Tj = 25°C 


Line Regulation 
Load Regulation 


Quiescent Current 


Quiescent Current 
Change 


Dropout Voltage 
Short Circuit Current 
Peak Output Current 
Avg. Temp. Variation 


of Vout | O8C STS Teax, Vin = -10V, lo = SMA mv/°C 
Long Term Stability 1000 Hrs. @ T; = 125°C, Vin = -10V, lo = 5mMA mV 
Thermal Shutdown Vin = -10V, lo = 5MA °c 
Tax Ee 
Twain °c 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage 
changes due to changes in internat temperature must be taken into account separately. Po = 20W for TO-3 (K) and 15W for TO-220 (T), 
non-isolated TO-257 (G) and isolated TO-257 (IG) Min|Vo - Val @ -55°C = 25V. 


1) Measurement taken at 0.180 inches from case for G and IG Packages. 
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ELECTRICAL CHARACTERISTICS Ta=T 


UC7900 
UC7900C 
SERIES 

12V, NEGATIVE 


UC7912C 


| UC7912 
PARAMETER TEST CONDITIONS UNITS 
I _| MIN. | TYP. | MAX. 
Tj = 25°C, Vin = -17V, lo = 5mA -12.48 -11.52 Vv 
t— ae v | 
Output Voltage T, = 26°C, -32V < Vin < -14V 
L 5mA S lour <= 1.0A, P < Pp -12.48 v 
Over Temperature, Twn < T; < Trax Vv 
Line Regulation T, = 25°C, -32V < Vin < -14V, lo = SMA mv 


Load Regulation 


Quiescent Current 
rh 


Quiescent Current 
Change 


T, = 25°C, Vin = ~17V, SMA Slo < 1.5A (Note 1} 
Tj = 25°C, Vin = -17V, lo = 500mA 
Over Temperature, Twn ST, < Tmax 


| 7 = 25°C, Vin = -17V, 5MA Slo S 1.5A 


| Ty = 25°C, -32V < Vin < -14V, Io = 500MA 


Ripple Rejection 


T, = 25°C, -25V < Vin S -15V, lo = 500MA 


Output Noise Voltage 


| 


= 10Hz to LOOKHz, Ci = laf 
T, = 25°C, Vin = ~17V, lo = 500mA 


Short Circuit Current 


Dropout Voltage il Tj = 25°C, lo= 1A 


ime = 25°C, Vin = -17V 


| Peak Output Current 


T, = 25°C 


Ave. Temp. Variation 
of Vour 


O°C ST, S Tax, Vin = -17V, lo = 5MA 


Long Term Stability 


1000 Hrs. @ T; = 125°C, Vin = -17V, lo = 5mA 


Thermal Shutdown 


me = -17V, lo = 5mA 


Trax 


2 


Tran 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (t. < 10tms, duty-cycle < 5%). Output voltage 
changes due to changes in internal: temperature must be taken into account separately. 
Po = 20W for TO-3 (K) and 15W for TO-220 (1), non-isolated TO-257 (G) and isolated TO-257 (IG) Min|Vo - Vad @ -55°C = 25V. 


1} Measurement taken at 0.180 inches from case for G and IG Packages. 
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UC7900 
UC7900C 
SERIES 


ELECTRICAL CHARACTERISTICS Ta=Ty ; 15V, MESCHNE 
uc7915 UC7915C 


PARAMETER TEST CONDITIONS 


T, = 25°C, Vin = -20V, lo = 5mMA 


T, = 25°C, -35V < Vin < -17V 
5mA < lour <1.0A, P< Pp 


Over Temperature, Tue < T; < Terax 

T, = 25°C, -35V < Vin S$ -17V, lo = SMA 
Tj = 25°C, Vin.= -20V, 5MA < lo <= 1.54 (Note 1) 
T, = 25°C, Vin = -20V, lo = 500mA_ 
Over Temperature, Twin = T, < Trax 

T, = 25°C, Vin = -20V,.5mA < lo < 1.5A 

Tj = 25°C, -35V < Vin S -17V, lo = 500mA 
Ti = 25°C, -28V < Vin <= -18V, lo = 500MA 


f = 10Hz to 100KHz, Ci = lyf 
T = 25°C, Vin = -17V, lo = 500mA 


T= 25°C, lo=1A 
T, = 25°C, Vw = -20V 
T, = 25°C 


Output Voltage 


Line Regulation 
Load Regulation 


Quiescent Current 


Quiescent Current 
Change 


Ripple Rejection 


Output Noise Voltage 


Dropout Voltage 
Short Circuit Current 
Peak Output Current 


Avg. Temp. Variation 
of Vour 


O°C < Tj < Tmax, Vin = -20V, lo = 5mA 
1000 Hrs. @ T; = 125°C, Vin = -20V, lo = SMA 
Vin = -20V, lo = 5mA 


Long Term Stability 


Thermal Shutdown 


Tax 


Tan 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 
Pp = 20W for TO-3 (K} and 15W for TO-220 (T), non-isolated TO-257 (G) and isolated TO-257 (IG) Min | Vo - Vin] @ -55°C = 2.5V. 


+) Measurement taken at 0.180 inches from case for G and IG Packages. 


ORDERING INFORMATION 


OUTPUT - 
VOLTAGE K (TO-3) G (T0-257) IG (ISOLATED TO-257) 


UC7905AK UC7905G UC7905IG - 
UC7905ACK UC7905CG UC7905CIG é 
UC7912AK UC7912G UC7912IG 
UC7912ACK UC7912CG UC7912CIG 
UC7915AK UC7915G UC79151G 

. UC7915ACK UC7915CG UC7915CIG 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. * P.O. Box 399 * Merrimack, New Hampshire ¢ 03054-0399 
Telephone 603-424-2410 « FAX 603-424-3460 
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INTEGRATED 
. CIRCUITS 


aa UNITRODE 


UC7900A 
UC7900AC 


Three Terminal Fixed Voltage Negative Regulators 


FEATURES 
e +1% Output Voltage on 7900A, AC 
Series 
¢ Output Current to 1.5A 
© One External Component 
© Internal Thermal Overload Protection 
¢ Internal Short Circuit Current Limiting 
© Output Transistor Safe Area 
Compensation 
@ Available in TO-3, TO-220, TO-257, and 
isolated TO-257 
© Output Voltages of -5V, -12V and -15V 
(For Other Voltages, Please Contact the 
Factory) 


ABSOLUTE MAXIMUM RATINGS 
Input Voltage 


Input-Output Voltage Differential........... 
Power Dissipation ........... ce cece cece eres 


Operating Junction Temperature Range 


UC7900A SERIES 0.0.0... 00 cece eee 
UC79Q0AC SERIES...... 0.0 r cece eee eee 


UC7900 SERIES 


UC79O0C SERIES ........ ccc rece eee 
Storage Temperature Range .............-- 


Lead Temperature (Soldering, 10 seconds) 


K (TO-3), G, IG, (TO-257) package ........ 
T (TO-220) package.........-. cece eee 


Power/Therma! Characteristics 


Rated Power @ 25°C 

See eS 

Thermal Resistance 
8c 


K (TO-3) Package 


DESCRIPTION : : 
These three terminal monolithic negative voltage regulators employ internal current 


limiting, thermal! shutdown and safe area compensation, making them essentially 
indestructible. If adequate heat sinking is provided, they can deliver over 1A of output 
current. They are intended as fixed voltage regulators in a wide range of applications 
including local (on card) regulation for elimination of distribution problems associated 
with single point regulation. In addition to use as fixed voltage regulators, these devices 
can be used with external components to obtain adjustable output voltages and 
currents. The 7900 and 7900C series have output tolerances of 4%. The 7900A and 
7900AC series offer +1% tolerances on initial output voltage and, in addition, are ; 
specified to provide better regulator performance. 


K(TO-3) 


Pin 1. Adjust 
2. Input 
Case: Output 


G, IG (TO-257) 

Non-isolated 

Pin 1. Adjust 
2. Input 
3. Output 
4. Output 


tsolated 
Pin 1. Adjust 
2. Input 
3. Output 
4. No Connection 


T (TO-220) Package G (TO-257) Package IG (Isolated TO-257) 


42°C/W 


42°C/W 


Note: When ordering, add suffix “K” (for TO-3 package), “T” (for TO-220 package), “G" (for non-isolated TO-257) and “1G” (for isolated TO-257) 


to the part number. 
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UC7900A 
UC7900AC 
SERIES 


TYPICAL APPLICATIONS 5V, NEGATIVE 


Input bypass capacitors are recommended for stable operation of the UC7900 series of regulators over the input voltage and output 
current ranges. Output bypass capacitors will improve the transient response of the regulator. 


The bypass capacitors, (2.2uF on the input, 1uF on the output) should be ceramic or solid tantalum which have good high frequency 
characteristics..-If aluminum electrolytics are used, their values should be 10uF or larger. The bypass capacitors should be mounted with 
the shortest leads, and if possible, directly across the regulator terminals. 


Fixed Output Regulator 


© Sour 


ELECTRICAL CHARACTERISTICS Ta=Ty 


UC7905A UC7905AC 
PARAMETER TEST CONDITIONS UNITS 
MIN. | TYP. | MAX. MIN. | TYP. | MAX. 
T) = 25°C, Vin = -10V, Ilo = 5mMA -5.05 -4.95 | -5.05 -4.95 Vv 
Output Voltage T, = 25°C, -25V < Vin < -8V 
5mA S lour S$ 1.0A, P< Pp -5.10 -4.90 | -5.13 


Over Temperature, Tuan < Tj < Tmax 


as | 
a ee 


Vv 
Line Regulation T) = 25°C, -25V < Vw < -7V, lo = 5mA lo | 25 
Load Regulation Ty = 25°C, Vm = -10V, 5MA<lo<15A(Note1}{ | 20 | 50 | ‘| 20 | 
Quiescent Current T) = 25°C, Vin = = 10V, lo = 500mA pe ede be en 5 ee | mA | 
Over Temperature, Tran < T) < Tmax io eee | ma | 
Quiescent Current | T= 25°C, Vw = -10V, 5MA< lo <1.5A in Ee es eee aie eS 7 
Change Tj = 25°C, -25V < Vin < -8V, lo = 500mA 4 4 mA 
Ripple Rejection Tj = 25°C, -18V < Vin S -8V, lo = 500MA 54 dB 
Subput Nols Voltage Hg Sone vee ee ee 100 100 uv 
Dropout Voltage Ti = 25°C, lo = 1A 2.0 Vv 
Short Circuit Current] Tj = 25°C, Viv = -10V 18 A 
Peak Output Current | T; = 25°C 2.0 A 
Avg. Temp. Variation 
of Vout | 0°C ST) < Tax, Vin = -10V, lo = 5mA =f | mv/°C 
Long Term Stability 1000 Hrs. @ Tj = 125°C, Vin = -10V, lo = S5mA 20 mV 
Thermal Shutdown Vin = -10V, lo = SMA 175 £¢ 
Trax 125 °C 
Toa +4 “¢ 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (t. <= 10ms, duty-cycle < 5%). Output voltage 


changes due to changes in internal temperature must be taken into account separately. Pp = 20W for TO-3 (K) and 15W for TO-220 {T), 


non-isolated TO-257 (G) and isolated TO-257 (IG) Min |Vo - Ved @ -55°C = 2.5V. 


1} Measurement taken at 0.180 inches from case for G and IG Packages. 


4-239 


UC7900A 
UC7900AC 
SERIES 


ELECTRICAL CHARACTERISTICS Ta=Ty 12V, NEGATIVE 


t PARAMETER 


Output Voltage 


UC7912A 
TEST CONDITIONS 


Tj = 25°C, Vin = -17V, lo = 5mA 


T, = 25°C, -32V < Vw < -14V 
5mA < lour < 1.0A, P< Pp 


Over Temperature, Twin S 1) S Twax 

Line Regulation Tj = 25°C, -32V < Vin S -14V, lo = 5mA 
Tj = 25°C, Vin = -17V, 5MA < Io < 1.5A (Note 1) 
Tj = 25°C, Vin = -17V, lo = 500mA 
| Over Temperature, Twn TSTwx || 
T, = 25°C, Vin = -17V, SMA Slo S$ 1.5A 
Tj = 25°C, -32V < Vin < -14V, lo = 500MA 
Ripple Rejection Tj = 25°C, -25V < Vin S -15V, to = 500MA 


f = 10Hz to 100KHz, C. = lyf 
T, = 25°C, Vin = -17V, lo = 500mA 


Dropout Voltage T, = 25°C, lo=1A 
Short Circuit Current | T, = 25°C, Vin = -17V 
T = 25°C 


Load Regulation 


Quiescent Current 


e 
°o 


Quiescent Current 
Change 


Output Noise Voltage 


Peak Output Current 


tp 
[=] 
oO 
o 
a 
heed a a 
Oo} wle 


Avg. Temp. Variation 
of Vour 


Long Term Stability 


Thermal Shutdown 


O°C <T; < Tax, Vin = -17V, lo = 5A 
1000 Hrs. @ T, = 125°C, Vin = -17V, lo = 5mA 
Vin = -17V, lo = SMA 


T MAX 


Train 


1 
wo 
+ 


ee 
~ 
uo 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (te < 10nis, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. ‘ 
Pp = 20W for TO-3 (K) and 15W for TO-220 (T), non-isolated TO-257 (G) and isolated TO-257 (IG) Min|Vo - Vin] @ -55°C = 2.5V. 


1) Measurement taken at 0.180 inches from case for G and IG Packages. 
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ELECTRICAL CHARACTERISTICS Ta=Ty 


715.15 


T, = 25°C, -35V < Vw <= -17V 
5MA S lour < 1.0A, P < Pp 


1 i 
a nd 
>| > 
Haina 
ol w 


Line Regulation 
Load Regulation 


T, = 25°C, Vy = -20V, lo = 500mA i 3 
Over Temperature, Tain = Tj < Tax el 

Quiescent Current | _Ti= 25°C, Vw = -20V,-5MA < lo <1.5A || 
T, = 25°C, -35V<VwS-17V,lo=500mA | 
T = 25°C, -28V < Viv < -18V, to =500mA | 56 | 
vemiehaetintetlm | 
| | 

i 

Pz 

Peas 

| 

pas) 


Dropout Voltage T, = 25°C, lo= 1A 
Short Circuit Current} 1, = 25°C, Vin = ~20V 
Peak Output Current | T, = 25°C 


Avg. Temp. Variation 
of Vour O°C = T) = Twax, Vin = -20V, lo = SMA 


Long Term Stability 1000 Hrs. @ T; = 125°C, Vin = -20V, lo = SMA 
Thermal Shutdown | Vin = -20V, lo = 5mA 


MAX 


z 


3 
< 
aN 

3 
oO 


| 
s|sfel3| 


Ten 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (t. < 10ms, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 
Pp = 20W for TO-3 (K) and 1SW for TO-220 (1), non-isolated TO-257 (G) and isolated TO-257 (KG) Min |Vo - Vid @ -55°C = 25vV. 


1) Measurement taken at 0.180 inches from case for G and IG Packages. 


ORDERING INFORMATION 


UC7S05AK UC7905AG UC7905AIG 
UC7905ACK UC7905ACG UC790SACIG 
UC7912AG UC7912AIG 
UC7912ACG UC7912ACIG 
UC7915AG UC7915AIG 
UC7915ACG UC7915ACIG 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. ¢ P.O. Box 399 * Merrimack, New Hampshire «03054-0399 
Telephone 603-424-2410 * FAX 603-424-3460 
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(LJ) sseener° 


aa UNITRODE 
Product Selection Guide 


MOTOR CONTROL CIRCUITS DESIGNER GUIDE 


PERFORMANCE 
CHARACTERISTICS 


C4 


Includes Output Diodes 
Reversible Direction 


APPLICA’ 


Unipolar Bilevel Stepper 
Bipolar Stepper 


Three-Phase Brushless 


Two-Phase Brushless 


28-Pin DIL 


5-Pin TO-220 
15-Pin Multiwatt 


24-Pin Power Cerami aie ey 


Note 1. See Application Section for more 
Note 2. Alternate Packaging Available 
Note 3. Also includes 3175, 3176, 3177. 


INTEGRATED 
cIRCUITS 


a UNITRODE 
Product Selection Guide 


CROSS-APPLICATION CHART 


It is often possible — and advantageous .— to fit into one application an IC that was originally designed for another. 
Here are a few hints: ; 


BRUSHLESS 
18 38 


UNITRODE BRUSH STEPPING MICRO- 
PART # | SERVOMOTOR|. MOTOR STEPPING 


VOICE 
Coe | SOLENOID 


L292 
L293, 293D 
L295 

L298, 298D 
UCc2950 
UC3174,5,6,7 
UC3517 
UC3610,11 
UC3620,22,23 
UC3633,34 
UC3637- 
UC3657 
UC3705,07 
Uuc3717,17A |. 
UC3770A,B 


INTEGRATED 
CIRCUITS 


me UNITRODE 


L292 


Switchmode Driver for DC Motors 


FEATURES 
© Driving capability: 2A, 36V, 30KHz 


‘e Two logic chip enable inputs 

e External loop gain adjustment 

® Single power supply (18 to 36V) 
@ Input signal symmetric to ground 
® Thermal protection 


DESCRIPTION 


ABSOLUTE MAXIMUM RATINGS 


The L292 is a monlithic LSI circuit in a 15-lead Multiwatt® package. It is intended to 
drive DC motors controlling positioning devices such as used in typewriters, printers, 
plotters and other computer peripherals. 


The device contains a level shifter, triangle waveform oscillator, error amplifier, PWM 
comparator, current sensing amplifier, H-bridge output stage with a 2A, 36V driving 
capability and two output enable inputs. Protection circuitry includes under-voltage 
output inhibit and thermal protection. 


THERMAL DATA 


Power Supply, Vs........0.. ccs ce cece e reece eee e teen eenees 36V Thermal Resistance Junction-Case, Ac .......... 3°C/W max 
Input Voltage, V1 

Inhibit Voltage, Vinnipit...........000ccee cece eeeeee ees 0 to VsV 

Output Current, loess .scasixeces cress cncavawavevewee ewes 2.5A 

Total Power Dissipation (Tease = 75°C) ............000 00s 25W 

Storage and Junction Temperature, Tstg........-40 to +150°C 

Thermal Resistance Junction-Case, Oyc ............40- 3°C/W 

BLOCK DIAGRAM 

+Vs 


Vai 


poocnnn nen nnn-- -- + + - -- ---- B----- 5-4 
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L292 


MECHANICAL DATA CONNECTION DIAGRAM 


V Package VH Package 


MOTOR 
R 


(INPUT (ERR. AMPL.) 
INPUT (LEVEL, SHIFT) 
OUTPUT C.S.A. 
COMP. INPUT 

+ 


Tab connected to Pin 8 


ELECTRICAL CHARACTERISTICS (Ta = 25°C; foac = 20KHz unless otherwise specified) Ta=Ty 


PARAMETER SYMBOL TEST CONDITIONS 
Supply Voltage : 
Quiescent Drain Current 
Input Offset Voltage (Pin 6) 
Inhibit Input Voltage (Pin 12, 13) a 
bade |e ee 


Inhibit Input Current Vinn. (L) = 0.4¥ 
5 tian. | Vinn, (H) = 3.2V 


ee 
lo Vi + 9.8V, Rg = Rs2 = 0.29 
Vp (including sensing resistors) =a 
Sensing Resistor Voltage Drop Tj = 150°C, lo = 2A 
Transconductance Bd Rsq = Rs2 = 0.20 
Vi Rs1 = Rs2 = 0.40 


Vs = 20V (offset null) 
Vs = 36V, lo = 0 


A 
is 


Input Current (Pin 6) 


= 
nia 
+ 

& 

fo] 
<|< 


N 
aa 


Input Voltage (Pin 6) 


1 
o 
Pan 
| ! 
tad oa a 


Output Current 


Total Drop Out Voltage 


TRUTH TABLE 


Disabled 


Norma! Operation 
Disabled 
Disabled 


FUNCTIONAL DESCRIPTION 


The error signal input has been designed to accepta bidirectional 
error signal symmetrical to ground. The level shifter converts the 
+ error signal into a single positive signal with the aid of an 
internally generated 8V reference. This same reference voltage 
supplies the triangle wave oscillator whose frequency is fixed by 
the external RC network (Rr, Cr - pins 11 and 10) where: 


fose = 


ith R > 8. 
ORC (wit 8.2KQ) 


The oscillator determines the switching frequency of the output’ 
stage and should be in the range 1 to 30KHz. 


Motor current is regulated by an internat loop in the L292 which is 
performed by the resistors Rs1, Rs2 and the differential current 
sense amplifier, the output of which is filtered by an external RC 
network and fed back to the error amplifier. 


The choice of the external components in this RC network (pins 5, 
7, 9) is determined by the motor type and the bandwidth require- 
ments. The values shown in the diagram are for a 5Q, 5mH motor. 
(See L292 Transfer Function Calculation in Application Informa- 
tion). 


The error signal obtained by the addition of the input and the 
current feedback signals (pin 7) is used to pulse width modulate 
the oscillator signal by means of the comparator. The pulse width 


modulated signal controls the duty cycle of the H-bridgeto give an- 


output current corresponding to the L292 input signal. 


The interval between one side of the bridge switching off and the 
other switching on, 7, is programmed by Cr in conjunction with an 
internal resistor Rr. 


This can be found from: 
T = Rr- Cpin 10 (Cr in the diagram) 


Since Rr is approximately 1.5 KQ and the recommended Tf to 
avoid simultaneous conduction is 2.548, Cpin 10 should be 
around 1.5nF. 


The current sense resistors Rs; and Rs: should be high precision 
types (maximum tolerance +2%) and the recommended value is 
given by: 


Rmax os lo max s 0.44V 
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It is possible to synchronize two L292s, if desired, using the 
network shown in Figure 1. 


Figure 1. 


Finally, two enable inputs are provided on the L292 (pins 12 and 
13-active low and high respectively). Thus the output stage may 
be inhibited by taking pin 12 high or by taking pin 13 low. The 
output will also be inhibited if the supply voltage falls below 18V. 


The enable inputs were implemented in this way because they are 
intended to be driven directly by a microprocessor. Currently 
available microprocessors may generate spikes as high as 1.5V 
during power-up. These inputs may be used for a variety of appli- 
cations such as motor inhibit during reset of the logical system 
and power-on reset (see Figure 2). 


Figure 2. 


L292 


APPLICATION INFORMATION 


M1 


O-- -----QO---------- + eed 


Qo 
iw 


oe ee ae 


The schematic diagram used for the Laplace analysis of the 
system is shown in Figure 4. 


exsewone = A pee ase Sa ie Seat Sol 6 Meee. ~ 


LEVEL SHIFTER H i ERROR AMPLIFIER 


iPWMandMOTOR' 


Rs1 = Rs2 = Rs (sensing resistors) 


I 

R =2.5-10°9 (current sensing amplifier transconductance) 
4 ' 

' 

, 


scuneenT | 
Lu = Moter inductence FILTER [AMPLIFIER 
Re = Motor resistance baecee---- o° 


Im = Motor current 


Gmo= i 0 (DC transfer function from the input of the comparator (Vr) to the motor current (Im)). 


VtH os= 


Figure 4. 
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APPLICATION INFORMATION (continued) 


Neglecting the Vce sat of the bridge transistor and the Vee of the 
diodes: 


G2 1 2Vs _ where: 2 Vs = supply voltage ql) 
me Ru VR Vr = 8V (reference voltage) 
DC Transfer Function 


In order to be sure that the current loop is stable the following 
condition is imposed: 


1+sRC=1s (pole cancellation) (2) 
from which RC = a) (Note that in practice 
; Ru R must be greater than 5.6KQ) 
The transfer function is then, (3) 
Im is -RaRa Gmo 1 a 
Vi ; RiRs GmoRs + $ RaC + S~ ReCrRaC 
In DC condition, this is reduced to 
Im RoR, 1 0.048 A 
oO he ke ke 
Open-Loop Gain and Stability Criterion 
For RC = Lu/Rm, the open loop gain is: (5) 
eee R R Gmo R 1 
me “SRFC ae 7 1+ ee , mon s (1 + sRrCr) 


In order to achieve good stability, the phase margin must be 
greater than 45° when | As| = 1. 


1 ae 
That means that, at fe = ——————, | AB] must be <1 
277RFCr 


(see Figure 5), that is: 
1 GmoRs ReCr 


f= ——— = 
As! 277ReCr 


Rac V2 


(6) 


Z, 
PHASE MARGIN 
> 45° 


Figure 5. Open-Loop Frequency Response 


Closed-Loop System Step Response 
a) Small-signals analysis 


The transfer function (3) can be written as follows: 


L292 


s 
+ 
Im 0.048 2€ Wo 
—(s) = 7 
Vi (s) Rs Es . s* ” 
it + z 
: Wo Wo : 
oa / GmoRs : 
here: Wo = ————— is the cutoff frequenc 
ETE MON R4aC ReCe - 7 eae ¥ 
h &€ = Rec is the d ing factor 
where: € = OO jampi 
4RrCr Gmo Ra. e 


By choosing the € value, it is possible:to dététmine the system 
response to an input step signal. Examples: 


1) €= 1 from which 


0.048 
Iu () = Lee’ 2ReCr 1+ Vj 
im (t) [l-e ( 4 ReCr d1-Vi 
(where Vj is the arnplitude of the jrpuit step). 
1 
2) € = —= from which 
t 
0.048 o 
Im (t) = 1- cos e  2RCr yy 
m (t) ( 2RrCr Vi 


From Figure 7 it is possible to verify that the L292 works in 
“closed-loop” conditions during the entire motor current rise- 
time: the voltage at pin 7 (inverting input of the error amplifier is 
locked to the reference voltage Va, present at the non-inverting 
input of the same amplifier. . 


The previous linear analysis i is correct for this example. 


Decreasing the Evalue, the rise-time of the current decreases. But 
for a good stability, from relationship (6), the minimum value of € 
is: 5 - ‘ 


Emin = (phase margin = 4 


5° 
2 


z 


Figure 6. Small Signal Step Response 
(Normalized Amplitude vs t/R-Cr) 


APPLICATION INFORMATION (continued) 


poe 


V7 = 200mV/div. 
Iw = 100mA/div. 
t= 100us/div. 
with V, = 1.5 Vp. 


Figure 7. Motor Current and Pin 7 Voltage Waveforms 
(Application of Figure 3). Small Signal Response 


b) Large signal response 


The large step signal response is limited by slew-rate and induc- 
tive load. In this case, during the rise-time of the motor current, 
the L292 works in open-loop condition, as can beseen from Figure 
8. 


= 500us/div. 


Figure 8. Motor Current.and Pin 7 Voltage Waveforms 
* (Application of Figure 3). Large Signal Response 


The voltage at pin 7 (inverting input of the error amplifier) departs 
from the reference voltage Vr present at the non-inverting input 
and the feedback loop is open. 


The feedback loop is on when the motor current reaches its 
steady-state value (2A). 


Closed Loop System Bandwidth 
A good choice for € is the value 1/./2. In this case: 


IM 0.048 1+sRrCr 
Vi TR, Le 2s ReGr + 25? RZOF oe 
The module of the transfer function is: (9) 
IM 0.048 2V 1 + w? Re*Ce? 
| Woe Re VU * 2 ReCp)’ + 1]: { (1 - 2w RrCr)? + 1} 
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The cutoff frequency is derived from expression (9) by putting 


Im” 8 
|———| = 0.707 - (-3dB); 
Vi 's ; 
from which: 
0.9 0.9 (10) 
WT = = ——_—_ 
ReCr 277ReCe 


Note that Rr must be less than 1.5KQ in order to have the maxi- 
mum current swing at the output of current sensing amplifier. 


Working Frequency and Motor Current Ripple 


For a value of rotation speed w the e.m-f. Eis equal to Kew, where 
Ke is the motor speed constant. 


Neglecting the motor resistance Rm, the Vcesat of the bridge 
transistors and the Vpe of the diodes, we have: 


Aty = Lm (transistors conduction period) (il) 


Alm 
Vs +E 
Where Alvy is the current ripple in the motor (see Figure 9). 


Ate = Lu (diodes conduction period) 


The working frequency is: 


= Ati = Ate (12) 


_ il 
2 RrCr 
where Rr is the resistance at pin 11 and Cy the capacitor at pin 10. 
Ry must be = 8.2KQ due to the output currentca pability at pin 11. 


If we consider E = 0 (w = 0; motor stopped) we have: 


Alm : 
At; = Ate = Lu (13) 
re 
from this formula we can write 
Vs T T ; 4 
Alu = — — (> = Ati =Ate = half period) (13 bis) 
Lm 2 2 


The motor current ripple Alm must be limited in order to reduce 
dissipation in the motor and the peak output current of the L292. 


Almmax Should be less than 10% of Immax (see Figure 9). 


Alm 


IMmax 


Figure 9. Motor Current Waveform 


From the equation (13 bis) and considering Alm =0.11m max we 
have: 


Vs 
0.11 = —— 14 
Mmax 2 Leaman (4) 
from which: 
5 V. 
Lamin = (15) 
f IMmax 


The switching characteristics of the L292 demand that the work- 
ing frequency f is less than 30KHz. 


If for f = 30KHz, Lau is less than Lamin, an external inductor should 
be put in series with the motor. 


From relationship (15) we have: 


5 Vs 
Lseries = ———— - Lm 


(16 
f IMmax ? 


Deadtime 


A problem associated with the system used in the L292 is the 
danger of simultaneous conduction in both legs of the output 
bridge which, if it were allowed to occur would damage them. To 
overcome this the comparator that drives the final stage in effect 
consists of two separate comparators (Figure 10): both receive 
the same Vt signal but on opposite inputs. The other two inputs are 
driven by Vrx shifted by plus or minus Rr’. This voltage shift when 
compared with Vt results in a delay in switching from one compar- 
ator to the other. In this way there will always be a delay between 
switching off one leg of the bridge and switching on the other. The 
delay T is a function of the integrated resistor Rz (1.5K) and an 
external capacitor Cr connected to pin 10 which also fixes oscilla- 
tor frequency. 


It is: T-RrCr 

In a typical application, a capacitor of 1.5nF is used to give a 
switching delay of 2.25us, a more than adequate time when you 
consider that the switch-off delay of the integrated transistors is 
only 0.5. : 


i" 
Or 


Vie 


'® 
= 


Figure 10. L292 Deadtime Contro! 


Efficiency and Power Dissipation 


The expression for the bridge. efficiency, independently of the 
losses due to the switching times and neglecting the dissipation 
due to the motor current ripple, is: 


Unitrode Integrated Circuits Corporation 


L292 


At Veat Ate Vover 
481 Se EE eee (17) 
Ati + Ata Vs Ati + Ato Vs 
where Vover = 2V (2Vec + Rslu» 
Vsat = 4V (2Vce sat + 3VBe) 
At; = transistors conduction period. 
Ate = diodes conduction period. 
If At: >> Ate and Vs = 20V, we obtain: 
4 
n=1-——= 80% (18) 


20 


In practice, the efficiency will be slightly lower due to the signal 
circuit dissipation (1W @ 20V) and the finite switching times 
(about 1W). If we transfer to the motor a power of 40W the bridge 
power dissipation from (18) is 1OW and the total dissipation is 
12W. This is an actual efficiency of 77%. Considering a maximum 
dissipation equal to 20W for the L292 (Multiwatt package), it is 
possible to handle continuous powers greater than 60W. 


EXAMPLE 


a) Data — Motor characteristics: Lu = 5mH 
Ru = 5Q 
Lu/Rm = lmsec 
— Voltage and current characteristics: 
Vs=20V Im=2A Vi=8.3V 
— Closed loop bandwidth: 3kHz. 


b) Caiculation — From relationship (4): 


0.048 
Rs = ———— Vi = 0.29 
Im 
and from (1): 
2Vs 
Gme = ———— 19" 
mo RuVa 


— RC = lmsec [from expression (2)]. 


— Assuming € = 1/./2; from (7) follows: 


_1__ 400C 
a RCr 02 
The cutoff frequency is: 
143 -10°° 
fy = ———————- = 3kHz 
RrCr 
c) Summarizing —RC=1-10 sec ) C= 47nF 
eee cae R = 22ko 
ReCr 
— ReCe = 47ps For Re = 5109 — 


Cr = 92nF 
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INTEGRATED 
CIRCUITS 


am UNITRODE 


Push-Pull Four Channel Driver 


FEATURES ~ 
¢ Output current 1A per channel 
(600mA for L293D) 


@ Peak output current 2A per channel 
(1.2A for L293D) 


@ Inhibit facility 

@ High noise immunity 

@ Separate logic supply 

© Over-temperature protection 


DESCRIPTION 


L293 
L293D 


The L293 and L293D are quad push-pull drivers capable of delivering output currents to 
1A or 600mA per channel respectively. Each channel is controled by a TTL-compatible 
logic input and each pair of drivers (a full bridge) is equipped with an inhibit input 
which turns off all four transistors. A separate supply input is provided for the logic so 
that it may be run off a lower voltage to reduce dissipation. 


Additionally the L293D includes the output clamping diodes within the IC for complete 
interfacing with inductive loads. 


Both devices are packaged in 16-pin plastic DIPs; both use the four center pins to conduct 


heat to the printed circuit boards. 


ABSOLUTE MAXIMUM RATINGS 


Collector Supply Voltage, Ve... .. ec see c ec eee cence eees 
Logic Supply Voltage, Veg. ......... cece cece ee 
Input Voltage, Vi ........ cece eee eres 
Inhibit Voltage, Vinh.... 0.0... ccc cece eee eee 
Peak Output Current (Non-Repetitive), lout (L293) .......... 
lout (L293D) 
Total Power Dissipation at Tground-pins.= 80°C, Prot 
Storage and Junction Temperature, Tstg, Tj ..... -40 to +150°C 


BLOCK DIAGRAM 


vP 


NOTE: Output diodes are internai in L293D. 


THERMAL DATA 


Thermal Resistance Junction-Case, Ojc.......... 
Thermal Resistance Junction-Ambient, Qa 


14°C/W max 
80°C/W max 


TRUTH TABLE 


Vi (each channel) 


H H H 
L H L 
H L xe* 
L L X** 


“Relative to the considered channel. 
“*High output impedance. 


CONNECTION DIAGRAM 


DIL-16 (TOP VIEW) 


N PACKAGE 
CHIP INHIBIT 1 Ves 
INPUT 1 {] INPUT 4 
ouTPuT 1 [| 3 14 [] output 4 
GND [] 4 13 |] GNO 
cn [] 5 12 |] GND 
OUTPUT 2 _ i f}oureut 3 
INPUT 2 INPUT 3 


Ve 9 |) CHIP INHIBIT 2 
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Inhibit Low Voltage 


inhibit High Voltage 


Source Output Saturation Voltage lo = -1A (-0.6A for L293D) 
Sink Output Saturation Voltage lo = 1A (0.6A for L293D) 


nN mle le 4 a 
_ <j < 


Clamp Diode Forward Voltage (L293D only) lr = 0.6A : 

Rise Time 
[Faltime = | 0.9 100.1 Ve (See Figure 1) 

[Tun-On Delay | tow | OS Vito 0.5 Vo (See Figure) | 
[Turn-oHf Delay | torr ___| 0.5 ¥it0 05 Vo (See Figure 1 200 


SCHEMATIC DIAGRAM 


C~) 
G1 G2 
| —- 
1 - R3 
| a f 
Ri Té 
21 TT 
Ro 
R2 
a to 
RB 


13 T 
4 T 


ee 
RAZ R16 
(. oe hye 
Len 
T20 12 
15- ng 
1 R12 


re if es 
126 
R22 
1 734 138 (15) 
724 28| | 129 ,, 133 
R17 R18 R19 R20 
— = = — = = 


© ® © 


DIL | 
12 
a7 
@ 


: RO a 


Y 
T10 


R1 
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L293 
_ 1293 
Figure 2. Quiescent Logic Supply Current vs 


Figure 1. ‘Switching Times ~ Logic Supply Voltage — 


Figure 3. Output Voltage vs Input Voltage 


, —T 
osvff— — = ~-— Vo = 24V 
Vss = Vinnivit = 5V 4 
~-—---—-- a 
E 
1 2 
8 
: 1 15 2 25 
Vss — (V) Vi- (VY) 
7 : Figure 5. 1293 Source Saturation vs Figure 6. L293 Sink Saturation Voltage vs 
Figure 4. L293 Saturation vs Output Current Ambient Temperature Ambient Temperature 
7 ] T sa 
~+ | 1 __| | : pe % a 
ve= 24 = Wen ey =5y ° ‘1 
gf Vinnioit = Vss = 5V ah 3 | Vinrvpie = ss = ia | 
5 + iz + + 4 S S + + at 
1 J t 
= a 
é H F 
= >. $ 


lo—(A) Tam — (°C) Tamb — (°C) 


NOTE: For L293D curves, multiply output current by 0.6 


Figure 7. DC Motor Controls (with Connection to Ground 


Figure 8. Bidirectional DC Motor Control 
and to the Supply Voltage) 


LN t= Z\ 
1): - 
iene 
O 
3 


45.12.13 ‘ 45.12.13 


WeO 


+*VeO 


I 
1 


M1 8B M2 INPUTS FUNCTION 
Fast Motor Stop [| C=H,D=L Turn Right 
pRuv sdk ‘Fast Motor Stop Turn Left 


Fast Motor Stop 


L Free Running 
Motor Stop < 


L=Low H=High X= Don't care 


Free Running 
Motor Stop Free Running 
Motor Stop 


L= Low H=High X= Don't care 
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L293D 
.  lLv/te2 = 300mA 
0.22uF==C1 Y py 
° 
STs 
Figure 9. Bipolar Veo Ltt” 
Stepping Motor | 
Control C] 4 
06 02 
D1 - D8 = SES5001 
MOUNTING INSTRUCTIONS copper areas having a thickness of 35y (see Figure 12). In 
: addition, it is possible to use an external heatsink (see Figure 14). 
The Rtnj-amp of the L293 can be reduced by soldering the GND aoe 3 ine 7 ) 
pins to a suitable copper area of the printed circuit board or to an During soldering. the pins’ temperature must not exceed 260°C 
external heatsink. and the soldering time must not be longer than 12 seconds. 
The diagram of Figure 13 shows the maximum package power Prot The external heatsink or printed circuit copper area must be 
and the 6a as a function of the side “ / " of two equal square connected to electrical ground. 
Figure 10. Example of P.C. Board Copper Area which is Figure 11. External Heatsink Mounting Example 


used as Heatsink (0a = 25°C/W) 


COPPER AREA 35y THICKNESS 


P.C. BOARD 
Figure 12. Maximum Package Power and Junction to Figure 13. Maximum Allowable Power Dissipation vs 
- Ambient Thermal Resistance vs Size “ 7" Ambient Temperature 


Prot — (W) 
Pro — (W) 


Ga — CC/W) 


0 10 20 30 40 
SideZ — mm : Tame — (°C) 
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INTEGRATED 
cIRCUITS 


ae UNITRODE 


L298 


Dual Full-Bridge Power Driver 


FEATURES 
© Operating Supply Voltage up to 46V 


© Total Saturation Voltage 
3.4V max at 1A 


© Overtemperature Protected 


e Operates in Switched and L/R 
Regulation Modes 


@ 25W Power-Tab Package for Low 
Installed Cost 


® Individual Logic Inputs for Each Driver 


@ Channel-Enable Logic Inputs for Driver 
Pairs 


ABSOLUTE MAXIMUM RATINGS 


Power Supply, Vs..........ccccccacececeee 
Logic Supply Voltage, Ves ...........0.00005 
Input and Inhibit Voltage, Vi, Vinnibit ........ 


Peak Output Current (each channel), lo 


Non-Repetitive (t = 100yus)............. 
Repetitive (80% on - 20% off; ton = 10ms) 
DC Operation ................000cceeee 


Sensing Voltage, Vsens 


Total Power Dissipation (Tease = 75°C), Ptot 
Storage and Junction Temperature, Tstg, Tj 


THERMAL DATA 


Thermal Resistance Junction-Case, Rth j-case 
Thermal Resistance Junction-Ambient, Rth j-amb....35°C/W max. 


BLOCK DIAGRAM 


DESCRIPTION 

The L298 is a power integrated circuit usable for driving resistive and inductive loads. 
This device contains four push-pull drivers with separate logic inputs. Two enable inputs 
are provided for power down and chopping. Each driver is capable of driving loads up to 
2A continuously. 


Logic inputs to the L298 have high input thresholds (1.85V) and hysteresis to provide 
trouble-free operation in noisy environments normally associated with motors and 
inductors. The L298 input currents and thresholds allow the device to be driven by TTL 
and CMOS systems without buffering or level shifting. 


The emitters of the low-side power drivers are separately available for current sensing. 
Feedback from the emitters can be used to control load current in a switching mode, or 
can be used to detect load faults. 


Separate logic and load supply lines are provided to reduce total IC power consumption. 
Power consumption is reduced further when the enable inputs are low. This makes the 
L298 ideal for systems that require low standby current, such as portable or battery- 
Operated equipment. 


CONNECTION DIAGRAM 


Bicaag? apnea bh Sansone 50V 
bay eekemsotenta bi. 7V 
dieahene -0.3V to +7V 
Padova deawmeee noees 3A f CURRENT SENSING B 
Pe ee nee 2.5A OUTPUT 3 


INPUT 4 

ENABLE B 

INPUT 3 

LOGIC SUPPLY VOLTAGE Vesa 
GROUND 


oben ys Ce dectinn 25W : 
-40° ° : INPUT 2 

jaceles 40°C to +150°C INFUT:2" 
INPUT 1 
SUPPLY VOLTAGE Vs 
OUTPUT 2 
OUTPUT 1 
CURRENT SENSING A 

mie Mialernes 3°C/W max. 


SENSE A GND SENSE B 


5-16 


L298 


ELECTRICAL CHARACTERISTICS (for each channel, Vs = 42V, Vss = 5V, Tj = 25°C) Ta=Ty 
PARAMETERS TEST CONDITIONS 
Supply Voltage (Pin 4), Vs Operating Condition 
Logic Supply Voltage (Pin 9), Vss 


Quiescent Supply Current (Pin 4), Is 


: Vinh. = H 
Quiescent Current from Vss (Pin 9), Iss IL =0 


Input Low Voltage (Pins 5, 7, 10, 12), Vit 

Input High Voltage (Pins 5, 7, 10, 12), Vi u 

Low Voltage Input Current (Pins 5, 7, 10, 12), lic 
| High Voltage Input Current (Pins 5, 7, 10, 12), ix 

Inhibit Low Voltage (Pins 6, 11), Vinn. L 

Inhibit High Voltage (Pins 6, 11), Vion. H 

Low Voltage Inhibit Current (Pins 6, 11), linn. L Vinh. = L 

High Voltage Inhibit Current (Pins 6, 11), linn. Vinn. = H <= Vss -0.6V 
IL=1A 


Source Saturation Voltage, Vce satty 


Sink Saturation Voltage, VcE satty 


Total Drop, Vce sat 


Sensing Voltage (Pins 1, 15), Vsens 

Source Current Turn-Off Delay, T1(Vi) 0.5 Vi to 0.9 1. 

Source Current Falt Time, T2(Vi) 09h to0.1 1 
Source Current Turn-On Delay, T3(Vi) 0.5 Vi to 0.1 i? 
Source Current Rise Time, Ts (Vi) 0.1 I to 0.9 
Sink Current Turn-Off Delay, Ts(Vi) 0.5 Vj to 0.9 
Sink Current Fall Time, Te(Vi) 09h to0.1h® 
Sink Current Turn-On Delay, T7(Vi) 0.5 Vi to 0.1 ie 
Sink Current Rise Time, Ts(Vi) 

| Commutation Frequency, fe sf 2A 

1) Sensing voltage can be -1V for t = 50,5; in steady state Veens min > -0.5V. 


2) See figure 1a. 
3) See figure 2a. 
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SWITCHING CHARACTERISTICS 


Figure 1. Switching times test circuits. Figure la. Source Current Delay Times vs. Input or Enable Chopper. 


Vas = 5V Va = 42V la 
O Oo 


~ 


NOTE: For INPUT chopper, set EN = H. 


Figure 2. Switching Times Test Circuits. Figure 2a. Sink Current Delay Times vs. Input or Enable Chopper. 


i 
Ves = 5V Ve = 42V ; im) 
. ‘ 


Imax (2A) 
90%: - --—\-- ---- ~~ - 


10%-|- — + — -}- 4 - ~ - —----- 


NOTE: For INPUT chopper, set EN = H. ~ 


APPLICATIONS 


Figure 3. Bi-Directional DC Motor Control. i ; 


+Vs 
° INPUTS FUNCTION 
C=HD=L Turn right 
C=L,D=H' Turn left 
: c=D Fast motor stop 
eae rhs _| Free running 
C=X,D=C motor stop 
Lt = Low 
H=High 
X = Don’t Care 
O +Ves 
© Vinn. 
TO CONTROL = ; 
CIRCUIT 
Jo 


D1 TO D4: UES1101 OR EQUIVALENT 
a OR UC3610 DIODE ARRAY - 
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Figure 4. Bipolar Step Motor Driver. 


STEP 


DIRECTION 
UC3517 
ENCODER 

FULL/HALF . 


CURRENT 
LIMIT 
CONTROL 


CURRENT 
SENSE MOTOR 
RESISTORS 


, STANDARD PACKAGES < - . “ 


V Package 
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[LJ] oncom 
aa UNITRODE L298D 


Dual Full-Bridge Power Driver 


FEATURES. DESCRIPTION 

© Operating Supply Voltage up to 46V The L298D is a power integrated circuit usable for driving resistive and inductive loads. 
This device contains four push-pull drivers with separate logic inputs. Two enable iriputs 
are provided for power down and chopping. Each driver is capable of driving loads up to 
1A continuously. 


© Overtemperature Protected 
© Operates in Switched and L/R Current 
Regulation Modes 


© 25W Power-Tab Package for Low The L298D features internal diodes for clamping output excursions when driving 


inductive loads, such as motors and transmission lines. For most applications, these 


Installed Cost 
* Individual L y Inputs for Each Dri diodes can completely replace all external clamp diodes. In certain cases, however, 
Ng ivigual Logic {NPUIS Tol each Driver additional output catch diodes may be valuable for reducing recovery time or power 
© Channel-Enable Logic Inputs for Driver dissipation. a8 
Pairs, | . 


Logic inputs to the L298D have high input thresholds (1.85V) and hysteresis to provide 
trouble-freé operation in noisy environments normally associated with motors and 
inductors. The L298D input currents and thresholds allow the device to be driven.by 
TTL and CMOS systems without buffering or level shifting. 


© Internal Diodes Minimize Parts Count 


- The emitters of the low-side-power drivers are available in pairs for current sensing. 
Feedback from the emitters can be used to control load current in a switching mode, or 
can be used to detect load faults. 


Separate logic and foad supply lines are.provided to reduce total IC power consumption. 
Power consumption is reduced further when the enable inputs are low. This makes the 
L298D ideal for systems that require low standby-current, such as portable or battery- 
operated equipment. ‘! 


CONNECTION DIAGRAM (TOP VIEW) ABSOLUTE MAXIMUM RATINGS 
Power Supply, Vg........ 000. c ccc e cece ene eect een eeeeeneeee 50V 
CURRENT SENSINGB i Logic Supply Voltage, Veg... 0.6... cece eect erence eee ee NV 
pets Input and Enable Voltage, Vi, Ven ........-.-.-.-05- -0.3V to +7V 
Peak Output Current (each channel), lo 
erase Non-Repetitive (t = 1008)........0.c0ccccceseeeeeee ees 1.5A 
OR eR AGE Vas Repetitive (80% on - 20% off; ton = 10ms) .............. 1.2A 
INPUT 2 DO Operation... (sais cack e¥sveonrensd pane cee iona gineapaeeade 1A 
erat A Sensing Voltage, Vsens..... 0+... eceece eee e eens 1V to +2.3V 
SOE ER ae lnae Ve Total Power Dissipation (Tcase = 75°C), Prot ......-seceeeeee 25W 


‘ i , Tatgs Tj. +e -40°C to +150° 
QUTPUT dsensing A Storage and Junction epee stg, Tj Cc 


& TAB CONNECTED TO PIN 8 : V PACKAGE THERMAL DATA 


Thermal Resistance Junction-Case, Rth j-case.......- 3°C/W max. 
Thermal Resistance Junction-Ambient, Rtn j-amp....35°C/W max. 


BLOCK DIAGRAM 


SENSE A . SENSE B 


L298D 


ELECTRICAL CHARACTERISTICS (for each channel, Vs = 42V, Vas = 5V, Tj = 25°C) TA=Ts 
PARAMETERS TEST CONDITIONS 

Supply Voltage (Pin 4), Vs Operating Condition 

Logic Supply Voltage (Pin 9), Vea 


Quiescent Supply Current (Pin 4), Is 


dhe 
Sin 
> 


Quiescent Current from Vas (Pin 9), Iss 


9 = 
WwW on 


Ven=L 
Input Low Voltage (Pins 5, 7,.10, 12), Vit 
Input High Voltage (Pins 5, 7, 10, 12), Vin 
Low Voltage Input Current (Pins 5, 7, 10, 12), lic Wet 


High Voltage Input Current (Pins 5, 7, 10, 12), lin 
Enable Low Voltage (Pins 6, 11), Ven cv 
Enable High Voltage (Pins 6, 11), Ven H 

Low Voltage Enable Current (Pins 6, 11), len u 
High Voltage Enable Current (Pins 6, 11), len H 
Source Saturation Voltage, Vce satiH) 

Sink Saturation Voltage, Vce satiL) 


Total Drop, Vce sat — ; 


Ven = H < Ves -0.6V 
=1A 


2 
[HighSide Diode Vottage, Vow PTA 
[Low-Side Diode Voltage, Vow TA 
[Sensing Voltage (Pins 1,16), Vaee | 

Source Current Fall Time, Tz (Vi) 


Source Current Turn-On Delay, T3 (Vi) 0.5 Vj to 0.1 i? 
Source Current Rise Time, T4(Vi) 0.1 IL to 0.9 


0.9 ho 0.1 bi” 
05 Vit001 A 
Commutation Frequency, fe 


1) Sensing voltage can be -1V for t = 50,4; in steady state Vsens min = -0.5V. 
2) See figure 1a. ‘ i 
3) See figure 2a. 
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SWITCHING CHARACTERISTICS 
Figure 1, Switching times test circuits. 


Ves = 5V Vs = 42V 
e) 9 


ENABLE 
. 


Ri = 400 


NOTE: For INPUT chopper, set EN = H. 


Figure 2. Switching Times Test Circuits. 


Vss = 5V Ve = 42V 
oO © 


NOTE: For INPUT chopper, set EN = H. 


L298D 


Figure la. Source Current Delay Times vs. Input. 


APPLICATIONS 


Figure 3. Bi-Directional DC Motor Control. 
Vs hrs 


1/2 L298D 


TO CONTROL 
CIRCUIT 


Di TO D4: UES1101 OR EQUIVALENT 
= OR UC3610 DIODE ARRAY 
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INPUTS FUNCTION 
Turn right 


Turn left 


Fast motor stop 


Free running 
motor stop 


L= Low 
H = High 
X = Don't Care 


L298D 


Figure 4. Bipolar Step Motor Driver. 
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STANDARD PACKAGES 


V Package ; VH Package 


Unitrode integrated Circuits Corporation ; 
7 Cortinental Boulevard. ¢ P.O. Box 399 « Merrimack, New Hampshire ¢ 03054-0399 
Telephone 603-424-2410 © FAX 603-424-3460 5-23 


INTEGRATED 
ae cIRCcUITS 


UC1517 


ae UNITRODE UC3517 
Stepper Motor Drive Circuit 
FEATURES DESCRIPTION 
® Complete Motor Driver and Encoder The UC3517 contains four NPN drivers that operate in two-phase fashion for full-step 
© Continuous Drive Capability 350mA and half-step motor control. The UC3517 also contains two emitter followers, two 

per Phase monostables, phase decoder logic, power-on reset, and low-voltage protection, making it 
© Contains all Required Logic for Full and a versatile system for driving smail stepper motors or for controlling large power 

Half Stepping devices. 


@ Bilevel Operation for Fast Step Rates 
© Operates as a Voltage Doubler 
® Useable as a Phase Generator and/or 


The emitter followers and monostables in the UC3517 are configured to apply higher- 
voltage pulses to the motor at each step command. This drive technique, called 
“Bilevel,” allows faster stepping than common resistive current limiting, yet generates 


as a Driver f , s i 
* Power-On Reset Guarantees Sate, less electrical noise than chopping techniques. 

Predictable Power-Up ORDERING INFORMATION Operating Temperature Range 
@ Monolithic Construction UICUSET I CERDIP ov. viv eview vy deh des dees epred an 44 VaeMineteda iene -55°C to +125°C 
© 16 Lead Plastic or Hermetic DIL UC3517J, CERDIP ............. : 0°C to +70°C 

Package ; UC3517N, Plastic Package O°C to +70°C 


ABSOLUTE MAXIMUM RATINGS 
Second Level Supply, Vss..........cccecceeeceusencvereeseveneucevenceeteutertnes 
Phase Output Supply, Vim . 
Logic Supply, Vee .......656 
Logic Input Voltage, Vin....... 

Logic Input Current, lin... .....ee eee eee utenofiaa he beera 
Output Current, Each Phase, Ipnase.........0.eeseen ee 
Output Current, Emitter Follower, Isecona 


DIL-16 (TOP VIEW) 
J or N PACKAGE 


Power Dissipation, 50°C, CERDIP, Pdisg.........ccsceccccececvcucccecucsavenevauuws 
Derate 10mW/°C Above 50°C 

Power Dissipation, 25°C, Plastic Package, Paiss .........scscecccceeessavevcnecaveues 2W 
Derate 10mW/°C above 25°C 

Junction Temperature, Tjunct ...... 60 eee cece cece cece ereneee nent ee eeeeeenee 150°C 

Ambient Temperature, UC1517, Tampient -55°C to +125°C 

Ambient Temperature, UC3517, Tambient ..........00cecceeceseveusevcues 0°C to +70°C 

Storage Temperature, Tstorage «1. --. cece cece cceeeeecetentsentenecens -55°C to +150°C 


BLOCK DIAGRAM 


MONOSTABLE aad MONOSTABLE a 


, a PULSEA yg 
iS a " 
CLOCK 


FULL/HALF PHASE LOGIC 


DIRECTION 
LOGIC POWER 
POWER-ON RESET 


INH | > > 


UC1517 
UC3517 


ELECTRICAL CHARACTERISTICS (Uniess otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1517 and 
0°C to +70°C for the UC3517; Vcc = 5V; Ves = 20V.) TA=Ty 


UC1517 ° 
PARAMETER TEST CONDITIONS aside 
Logic Supply, Vec Pin 16 
Second Supply, Vss Pin 15 
Logic Supply Current Vinn = 0.4V 
Logic Supply Current Vinn = 4.0V 
Input Low Voltage © Pins 6, 7, 10, 11 


Input High Voltage 


Pins 6, 7, 10, 11 


Input Low Current 


Pins 6, 7, 10, 11; V =OV 


Input High Current - 


Pins 6, 7, 10, 11; V = 5V 


Phase Output Saturation Voltage 


Pins 1, 2, 4, 5; |= 350mA 


Phase Output Leakage Current 


Pins 1, 2, 4, 5; V = 39V 


Follower Saturation Voltage to Vss 


Pins 13, 14;.1 = 350mA 


Follower Leakage Current 


Pins 13, 14; V = OV 


Qutput Low Voltage, Pa, Pa 


Pins 8, 9; 1 = 1.6mA 


Phase Turn-On Time Pins 1, 2, 4,5 
Phase Turn-Off Time Pins 1, 2,4,5 
275 


Power-Off Threshold Pin 16 
Power Hysteresis Pin 16 
+5 +20 “+20 


Figure 3. Test Circuit 


STEP | 


La. Le 


Pat. Pag, 
Per. Pez 
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Figure 4. Timing Waveforms 


UC1517 
UC3517 


PIN DESCRIPTIONS 


Vee: Vee is the UC3517’s logic supply. Connect to a regulated 
5VDC, and bypass with a O.luF ceramic capacitor to absorb 
switching transients. 


Vmm: Vmm is the primary motor supply. It connects to the UC3517 
phase outputs through the motor windings. Limit this supply to 
less than 40V to prevent breakdown of the phase output transis- 
tors. Select the nominal Vmm voltage for the desired continuous 
winding current. 


Vss: Vss is the secondary motor supply. It drives the La and Le 
outputs of the UC3517 when a monostable in the UC3517 is 
active. In the bilevel application, this supply is applied to the 
motor to charge winding inductance faster than the primary 
supply could. Typically, Vss is ‘higher in voltage than Vmm, 
although Vss must be less than 40V. The Vss supply should have 
good transient capability. 


GROUND: The ground pin is the common reference for all sup- 
plies, inputs, and outputs. 


RC: RC controls the timing functions of the monostables in the 
UC3517. It is normally connected to a resistor (Rr) and a capaci- 
tor (Cr) to ground, as shown in Figure 3. Monostable on time is 
determined by the formula: Ton ~ 0.69 Rr Cr. To keep the mono- 
stable on indefinitely, pull RC to Vee through a 50k resistor. The 
UC3517 contains only one RC pin for two monostables. If step 
rates. comparable to Ton are commanded, incorrect pulsing can 
result, so consider maximum step rates when selecting Rr and Cr. 
Keep Ton < Tstep max. 


aand $e: These logic outputs indicate half-step position. These 
outputs are open-collector, low-current drivers, and may directly 
drive TTL logic. They can also drive CMOS logic if a pull-up resistor 
is provided. Systems which use the UC3517 as an encoder and 
use a different driver can use these outputs to disable the external 
driver, as shown in Figure 8. The sequencing of these outputs is 
shown in Figure 5. 


Pai, Paz, Pai, and Pg: The phase outputs pull to ground sequen- 
tially to cause motor stepping, according to the state diagram of 
Figure 5. The sequence of stepping on these lines, as with the La 
and Ls lines is controlled by the STEP input, the DIR input, and the 
HSM input. Caution: If these outputs or any other IC pins are 
pulled too far below ground either continuously or in a transient, 
step memory can be lost. It is recommended that these pins be 
clamped to ground and supply with high-speed diodes when 
driving inductive loads such as motor windings or solenoids. This 
clamping is very important because one side of the winding can 
“kick” in a direction opposite the swing of the other side. 


La and Lg: These outputs pull to Vss when their corresponding 
monostable is active, and will remain high until the monostable on 
time elapses. Before and after, these outputs are high- 
impedance. For detailed timing information, consult Figure 5. 


STEP: This logic input clocks the logic in the UC3517 on every 
falling edge. Like all other UC3517 inputs, this input is TTL/CMOS 
compatible, and should not be pulled below ground. 


DIR: This logic input controls the motor rotation direction by 
controlling the phase output sequence as shown in Figure 5. This 
signal must. be stable 400nS before a falling edge on STEP, and 
must remain stable through the edge to insure correct stepping. 


HSM: This logic input switches the UC3517 between half- 
stepping (HSM = low) and full-stepping (ASM = high) by 


‘controlling the phase output sequence as shown in Figure 5. This 


line requires the same set-up time as the DIR input, and has the 
same hold requirement. 


INH: When the inhibit input is high, the phase and @ outputs are 
inhibited (high-impedance). STEP pulses received while inhibited 
will continue to update logic in the IC, but the states will not be 
reflected at the outputs until inhibit is pulled low. In stepper motor 
systems, this can be used to save power or to allow the rotor to 
move freely for manual repositioning. 


pnt 


OPERATING MODES 


The UC3517 is a system component capable of many different 
operating modes, including: 


Unipolar Stepper Driver: In its simplest form, the UC3517 can be 
connected to a stepper motor as a unipolar driver. La, Lp, RC and 
Vss are not used, and may be left open. All other system design 
considerations mentioned above apply, including choice of motor 
supply Vmm, undershoot diodes, and timing considerations. 


Unipolar Bilevel Stepper Driver: If increased step rates are 
desired, the application circuit of Figure 6 makes use of the 
monostables and emitter followers as well as the configuration 
mentioned above to provide high-voltage pulses to the motor 
windings when any phase is turned on. For a given dissipation 
level, this mode offers faster step rates, and very little additional 
electrical noise. 


The choice of monostable components can be estimated based 
on the timing relationship of motor current and voltage: V = 
Ldt/dt. Assuming a fixed secondary supply voltage (Vss), a fixed 
winding inductance (Lm), a desired winding peak current (Iw), 
and no back EMF from the motor, we can estimate that Rr Cr = 
1.449 Iwlkm/Vss. In practice, these calculations should be con- 
firmed and adjusted to accommodate for effects not modeled. 


Voltage-Doubler Mode: The UC3517 can also be used to generate 
higher voltages than available with system power supplies using 
capacitors and diodes. Figure 9 shows how this might be done, 
and gives some estimates for component values. 


Higher-Current Operation: For systems requiring more than 
350mA of drive per phase the UC3517 can be used in conjunction 
with discrete power transistors or power driver ICs, like the L298. 
These can be connected as current gain devices that turn on when 
the phase outputs turn on. 


Bipolar Motor Driver: Bipolar motors can be controlled by the 
UC3517 with the addition of bipolar integrated drivers such as the 
UC3717A (Figure 8) and the L298, or discrete devices. Care 
should be taken with discrete devices.to avoid potential cross- 
conduction problems. 
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Figure 5. Logic Flow Graph 


LOGIC FLOW GRAPH 


The UC3517 contains a bidirectional counter which is decoded to 
generate the correct phase and @ outputs. This counter is incre- 
mented on every falling edge of the STEP input. Figure 5 shows a 
graph representing the counter sequence, inputs that determine 
the next state (DIR and HSM), and the outputs at each state. Each 
circle represents a unique logic state, and the four inside circles 
represent the half-step states. 


The four bits inside the circles répresent the phase outputs in 
each state (Pa1, Paz; Per, and Pag). For example, the circle labeled 
1010 is immediately entered when the device is powered up, and 
represents Pa, off (1” or high), Pazon (“0” or low), Pex off ("1” or 
high), and Pez on (“0” ox low). The @a and @g outputs are both tow 
(unidentified). 


The arrows in the graph show the state changes. For example, if 
the IC is in state 0110, DIRis high, HSM is high, and STEP falls, the 
next state will be 0101, and a pulse will be generated on the Leline 
by the monostable. 


Inhibit will not effect the logic state, but it will cause all phase 
outputs and both @ outputs to go high (off). A falling edge on STEP 
will still cause a state change, but inhibit will have to toggle low for 
the state to be apparent. 


A falling edge on STEP with HSM high will cause the counter to 
advance to the next full step state regardless of whether or not it 
was ina full step state previously. 


No La or Le pulses.are generated entering half-states. 
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UC1517 | 
UC3517 


+5 Vss Vin MOTOR Vss 


UC3610 
DIODE ARRAY 


uPROCESSOR UC3517 


Figure 6. Bilevel Motor Driver 


For applications requiring very fast step rates, a zener diode 
permits windings to discharge at higher voltages, and higher 
rates. Driver transistor breakdown must be considered when 
selecting Vss and zener voltage to insure that the outputs will not 
Be ee Py overshoot past 40V. If the zener diodes are not used’and UC3610 
” pin 2 is connected directly to Vss, then higher Vss can be used. 


yf Rr Cr ame = 


TIME 
’ Figure 7. Effects of Different Ry & Cy on Bilevel Systems 


Experimental setéction of Rrand Cr allow the designer to select a 

small amount of winding current overshoot, as shown above. i 
Although the overshoot may exceed the continuous rated current 

of the winding and the drive transistors, the duration can be well | 
controlled. Average power dissipation for the driver and motor : : 
must be considered when designing systems with intentional 

overshoot, and must stay within conservative limits for short duty 

cycles. 
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ys “<. ye1s17 
UC3517 


+5) Vim Vm 


PHASE GENERATOR 


DRIVERS 
Figure 8. Interface to UC3717 Bipolar Driver 


In this application, the @a and @e outputs of the UC3517 are 
connected to the current program inputs of the UC3717. This 
allows the UC3517 inhibit signal to inhibit the UC3717, and also 
allows half-step operation of the UC3717. Peak motor winding 
current will be limited to approximately .42V/R, by chopping: 


STEP 


OR 


zx 
a 
= 


N5802 or UES1001 
Vim 


q 


Figure 9. Using thé UC3517 as a Voltage Doubler 


Although component values can be best optimized experi- 
mentally, good starting values speed development. For this 


design, start with: where: 
RrCr=3bw/Rw . Lw is winding inductance, 
Ci = Co = Lwli/Rw Rw is winding resistance, 


R1=R2=2.9Tmin/Ci tr is rated winding current, and 
Tmin is minimum step period expected. 
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cincurrs UC1610 


=a UNITRODE _ UC3610 
DUAL Schottky Diode Bridge 


© Monolithic Eight-Diode Array This eight-diode array is designed for high-current, low duty-cycle applications typical of 


@ Exceptional Efficiency flyback voltage clamping for inductive loads. The dual bridge connection makes this 

© Low Forward Voltage device particularly applicable to bipolar driven stepper motors. 

@ Fast Recovery Time The use of Schottky diode technology features high efficiency through lowered forward 
@ High Peak Current voltage drop and decreased reverse recovery time. 

@ Small Size 


This single monolithic chip is fabricated in both hermetic cerdip and copper-leaded plastic 
minidip packages. The UC1610 in ceramic is designed for-55°C to +125°C environments 
but with reduced peak current capability; while the UC3610 in plastic has higher current 
rating over a O0°C to 70°C ambient temperature range. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage (per diode)..............0.0cc eee ee 50V 
Peak Forward Current 
UCT G10 ins iu collie sae soe daretsra valberd dndoepiddanennd Sagan ete 1A 
UCSB 10 soa Seance cg lan edwad thane santo arcane 3A 
Power Dissipation at Ta = 70°C 0.0.0.0... ec e cee lace cee 1w 
Derate 12.5mW/°C above 70°C 
Storage Temperature Range ................ -65°C to +150°C 


Lead Temperature (Soldering, 10 Seconds) .......:..... 300°C 


CONNECTION DIAGRAM 


DIL-8 (TOP VIEW) 
N or J PACKAGE 
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UC1610 


248 6 UC3610 
ELECTRICAL CHARACTERISTICS (All specifications apply to each individual diode. Ty = 25°C except as noted.) Ta=Ty 
PARAMETER TEST CONDITIONS MIN. TYP. ~ MAX. UNITS 
tr = 100mA 0.4 05 0.7 

Forward Voltage Drop le = 1A 08 10 13 iM 

i Va = 40V 01 0.1 
Leakage Current Va = 40V, Ty = 100°C 01 10 mA 
Reverse Recovery 5A Forward to .5A Reverse 15 nSec 
Forward Recovery 1A Forward to 1.1V Recovery . 30 , nSec 
Junction Capacitance Va=5V | ; 70 pF 


Note: At forward currents of greater than 1.0A, a parasitic current of approximately LOmA may be collected by adjacent diodes. 


Reverse Current vs Voltage Forward Voltage vs Current 
3000 | 3.0 
2000 4 20 
10 
05 
z 2 03 
! | 0.2 
: Zoi 
fe & o1 
e : a 
oO 
w 
QO o 05 1 
(4 
: Si Teal Eee 
z zg % 2a 
re dees 
005 om | 2 
003 et H = -| 
wo LETT 
001 
o 2 4 6 8 10 12 14 16 18 20 
REVERSE VOLTAGE.— (V) ; é FORWARD VOLTAGE — (V) 
REVERSE RECOVERY CHARACTERISTIC FORWARD RECOVERY CHARACTERISTIC . 
Ta = 25°C 
DIODE DIODE : ; : 
CURRENT VOLTAGE DIODE VOLTAGE }. 
0A ov 
QIODE CURRENT 
DIODE 
CURRENT 
500mA/DIV 
OA 
TIME, 2nS/DIV UC1611 FORWARD RECOVERY 
CH1= Vp 
CH2 =p = 1A 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. * P.O. Box 399 ¢ Merrimack, New Hampshire e 03054-0399 
Telephone 603-424-2410 ¢ FAX 603-424-3460 545 
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aa UNITRODE 


Quad Schottky Diode Array 


FEATURES 

® Matched, Four-Diode Monolithic Array 
@ High Peak Current. 

© Low-Cost MINIDIP Package 

® Low Forward Voltage 

© Parallelable for Lower Ve or Higher Ir 
® Fast Recovery Time 

© Military Temperature Range Available 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage (per Diode) ee hiaa 
Diode-to-Diode Voltage................. 


Peak Forward Current 


UCI6G1T .....20.0.. fda etd eaacn teas See 


UC3611 


Power Dissipation at Ta = +70°C....... 

Derate 12.5 mW/°C above + 70°C 
Storage Temperature Range ............ 
Lead Temperature (Soldering, 10 Seconds) 


PARAMETER 


TEST CONDITIONS 


Forward Voltage Drop 


Leakage Current 


Reverse Recovery 


le = 100 mA 
lp = 1A 


VR = 40V 
Va = 40V, Ty.= + 100°C 


0.5A Forward to 0.5A Reverse 
Forward Recovery 1A Forward to 1.1V Recovery 
Junction Capacitance 


Note: At forward currents of greater than 1.0A, a parasitic current of approximately 10 mA may be collected by adjacent diodes. 


UC1611 
UC3611 


. DESCRIPTION 


This four-diode array is designed for general purpose use as individual diodes or as a 
high-speed, high-current bridge. It,is particularly useful on the outputs of high-speed 
power MOSFET drivers where Schottky diodes are needed to clamp any negative 
excursions caused by ringing on the driven line.. - : 

These diodes are also ideally suited for use as voltage clamps when driving inductive 
loads such as relays and solenoids, and to provide a path for current free-wheeling in 
motor drive applications. , : ; : 

The use of Schottky diode technology features high efficiency through lowered forward 
voltage drop and decreased reverse recovery time. 

This single monolithic chip is fabricated in both hermetic CERDIP and copper-leaded 
plastic MINIDIP packages. The UC1611 in ceramic is designed for —55°C to + 125°C 
environments but with reduced peak current capability: while the UC3611 in plastic 
has higher current rating over a 0°C to + 70°C ambient temperature range. 


CONNECTION DIAGRAM 


Senha Tey ba DIL-8 (TOP VIEW) 7 
gooey J or N PACKAGE 

aaagusnanatie gabe Roaritas, O95 1A 

Dageenscinas 3A 

Spl augment 1w 


Esasneotn ye + 300°C 


0001-1 
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UC1611 


- UC3611 
- (eee 
2000 [ES [| }-++ A Aa 
Hf i 
; LAI 
1000 ; ‘ 
500 
_, 300 
3 200 
7 
5 100 
F] so 
y 30 
“y 
20 
10 
5 
3 
2 
1 . 
° 10 20 30 40 50 "9 02 04 06 08 1.0 12 14 1.6 1.8 20. 
REVERSE VOLTAGE -(¥) FORWARD VOLTAGE =(V) 
0004-2 


TYPICAL APPLICATIONS 
A. CLAMP DIODES - PWMS AND DRIVERS 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. ¢ P.O. Box 399 ¢ Merrimack, New Hampshire « 03054-0399 
Telephone 603-424-2410 « FAX 603-424-3460 
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mam UNITRODE ~ UC3620 
Switchmode Driver For 3-@ Brushless DC Motors 


FEATURES DESCRIPTION 

* 2A Continuous, 3A Peak Output Current The C3620 is a brushless DC motor driver capable of decoding and driving all 3 

© 8V to 40V Operation windings of a 3-phase brushless DC motor. In addition, an on-board current comparator, 

¢ internal High Gain Amplifier for Servo oscillator, and high gain Op-Amp provide all necessary circuitry for implementing a high 
Applications performance, chopped mode servo amplifier. Full protection, including thermal 


shutdown, pulse-by-pulse current limiting, and under-voltage lockout aid in the simple 


° TTL Compatible Hall Inputs implementation of reliable designs. Both conducted. and radiated EMI have been greatly 


" @ Mask Programmable Decode Logic reduced by limiting the output dv/dt to 150V/us for any load condition. 
© Pulse-by-Pulse Current Limiting The UC1620¥P is characterized for operation over the full military temperature range of -55°C 
¢ Internal Thermat Shutdown Protection to +125°C, while the UC3620V (and VH) is characterized for 0°C to +70°C. 


¢ Under-Voltage Lockout 


@ Available in V, VH Commercial, and JP 
Hermetic Military Package 


ABSOLUTE MAXIMUM RATINGS (Note 1) THERMAL DATA 
Supply Voltage, Veo ........cc cee caeceueecee sasha Rea Cake 40V Thermal Resistance Junction Case (V, JP), Big veseneee 3°C/W Max 
Output Current, Source or Sink Thermal Resistance Junction-Ambient (V, JP), Bic «+. 35°C/W Max 
Non-Repetitive (t = 100usec), lo ....... eee ceeceecceeee 3A 
Repetitive (80% on - 20% off; ton = 10ms) ........... 2.5A °* 
DC Operation ............c cele ccee ccc eevececucecee 2A 
Analog Inputs -0.3 to +Vee 
Logic Inputs ........... 00. ce cece cece ceeeceeeeees -0.3 to +Veoc 
Total Power Dissipation (at Tcase = 75°C) (V pkg.) ........ 25W 
Total Power Dissipation (at Toase = 75°C) for JP Package .... 15W 
Storage and Junction Temperature.......... -40°C to +150°C 


Note: 1. All voltages are with respect to ground, pin 8. Currents are 
Positive into, negative out of the specified terminal. 


BLOCK DIAGRAM 
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| TIMING : Voc 
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CONNECTION DIAGRAM : 
JP HERMATIC POWER DOIL CONNECTION DIAGRAM (TOP VIEW) 


‘B’ out 
“Emitters 

N.C. 
N.C. 

Cc Out 
VCC Pwr 
Fwd/Rev 
Hail 'C’ 
Halt ‘B hoe 
Hall ‘A’ EMITTERS 


Emitters LI_] 
Emitters CI_| 
N.C. 0 
N.C. [I] 

“A Out C1 
vec Pwr C1 _] 


VCC Logic 1 
E/A+IN 
E/A-IN 

£/A Comp 
N.C. Timing 
| Sense Ground 


© ovnoaunnron 
UC1620JP 


o 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for T, = 0°C to 70°C for 3620; Ta = 55°C to +125°C for 
UC1620; Voc (pn 3) = 20V, Ry = 20V, Ry = 10k Cr = 2.2nF) TA=Ty 


+ PARAMETER TEST CONDITIONS MIN. L TYP. | MAX, MIN. TYP. MAX. UNIT 


Error Amplifier Section 
Input Offset Voltage 

Inut Bias Current 

‘Input Offset Current 


Common Mode Range Veco = 8V TO 40V 


Open Loop Gain A Veine = 1V TO 4V 80 75 100 dB 

Unity Gain Bandwidth T, = 25°C, Note 2 | 0.8 MHz 

Output Sink Current Venne=1V | 2 mA 
[ae 

Output Source Current | Vine = 4V 8 mA 


Current Sense Section 


Input Bias Current 


Internal Clamp 425 
Divider Gain -180 


.220 170 02 230 VN 


Internal Oftset Voltage 8 


Timing Section 
Output Off Time 18 


7 20 23 us 


Upper Mono Threshold 5.0 


Lower Mono Threshold 20 


Decoder Section 


High-Level Input Voltage 22 | 


8 
es ce ee ee a ee a Se es | 
P 8 
+ 
\ 
a 
° 
' 
< 


{ 25 ‘ , Vv 
+- +— — 

Low-Level Input Voltage 0.8 L 0.8 Vv 
High-Level Input Current 10 ; 7 ; 10 : Wa 
Low-Level Input Current 7 | 10 | 10 uA 
Output Section ~ ai ; 7 
Output Leakage Current |Vcc = 40V 500 1.500 uA 
Vr, Schottky Diode lo = 2A WwW 2.0 15 2.0 Vv 
| Ve, Substrate Diode lo = 2A | ; 22 80 L nz: ee ve | 
Total Output Voltage Drop |!o = 2A, Note 3 a 3.0 ' 36 mre 1 3.0 alee 3.6 h.2 v | 
| Output Rise Time R, = 440 150 150 ns 
Qutput Fall Time R, = 440, 150 150 ns 


Note 2. These‘parameters, although guarantesd over the recommended operating conditions, are not 100% tested in production 


Note 3. The total voltage drop is defined as the sum of both top and bottom side driver. 
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ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for T, = 0°C to 70°C for UC3620; Ta = 55°C to +125°C 
for UC1620 Veg (en aya = 20V, Ry = 10K, Cr = 2.2nF) Ta=Ty : : . 


uese20 uct620 1 
PARAMETER TEST CONDITIONS MIN. TYP, | MAX. MIN. TYP. MAX, UNIT 
Under-Voltage Lockout 
Start-Up Threshold eee 8.0 | 8.0 Vv 
Threshold Hysteresis 0s | 0.5 I Vv 
Thermat Shutdown 
Junction Temperature : 150 | 180 150 ‘i 180 | °c 


Total Standby Current 
Supply Current 32 | 55 | 32 55 mA 


Aout | Bout | Cour 
L (0) 


H = HIGH OUTPUT 
L = LOW OUTPUT 
O = OPEN OUTPUT 


CIRCUIT DESCRIPTION 


The UC3620 is designed for implementation of a complete 3-0 
brushless DC servo drive using a minimum number of external 
components. Below is a functional description of each major 
circuit feature. 


DECODER 


As shown in Table 1, the decoder employs a 120 electrical degree 
hall decode scheme (others available via mask programming) to 
decode and drive each of three high current totem pole output 
stages. A forward/reverse signal, pin 13, is used to provide direction. 
At any point in time, one driver is sourcing, one driver is sinking, and 
the remaining driver is off or tri-stated. Pulse width modulation is 
accomplished by turning the sink driver off during. the monostable 
reset time, producing a fixed off-time chop mode. Controlled output 
rise and fail times help reduce electrical switching noise while main- 
taining relatively small switching losses. Hall lines require pull-up 
resistors. 


CURRENT SENSING 


Referring to Figure 1, emitter current is sensed across Rs and fed 
back through a low pass filter to the current sense pin 7. This filter 
is required to eliminate false triggering of the monostable due to 
leading edge current spikes. Actual filter values, although 
somewhat dependent on externai loads, will generally be in the 
1KQ and 1000pF range. 


CURRENT WAVEFORM 


Figure 1. Current Sense Filter 
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TIMING 


An R-C time constant on pin 9-is used by the monostable to 
‘generate a fixed off time at the outputs according to the formula: 


Torr = 916 RrCr. 


As the peak current in‘the emitters, approaches the value at the 
minus (-) input of the‘on-board comparator, the monostable is 
triggered, causing the outputs to be turned off. On time is 
determined by.the amount of time required for motor current to. 
‘increase to the value required to re-trip the monostable. A timing 
sequence of these events is shown in Figure 2. 


4 


EMITTER CURRENT 
(PIN 147) 


rs 


5V 


TIMING (PIN 9) 
VOLTAGE 2v 


CHOPPED OUTPUT 
VOLTAGE 


Figure 2, Chopped Mode Timing Diagram 


TYPICAL APPLICATIONS 


FWD/REVERSE 


iE 


3-@ BRUSHLESS DC OPEN LOOP MOTOR DRIVE _ 
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CURRENT LIMIT 


Since peak current is being controlled at all times by the internal 
comparator, a simple voltage clamp at its negative (-) input will 
limit peak current to a maximum value. A fixed 0.5V internal 
clamp has been included on the UC3620, and any current spike in 
the output which generates a sensed voltage greater than 0.5V will 
immediately shut down the outputs. Actual peak current values 
may be programmed by selecting the appropriate value of Rs 
according to the formula: : 


Rs = 0.5/ICURRENT LiMIT 


ERROR AMPLIFIER 


A high performance, on-board error amplifier is included to’ 
facilitate implementing closed loop motor control. Error voltage 


~ generation and loop compensation are easily accomplished by’ 


appropriately configuring the gain and feedback of this amplifier. 
To provide a larger dynamic signal range at the output of the error 
amplifier, a divide by 5 resistor network is used to reduce the error 
signal level before applying to the internal comparator. In 
addition, a one volt offset has been introduced at the output of the 
error amplifier to guarantee contro! down to zero current in the 
output stages. Since this offset is divided by the open loop gain of 
the feedback loop, it has virtually no effect on closed loop 
performance. 


PROTECTION FUNCTIONS 


Protective functions including under-voltage lockout, peak 
current limiting, and thermal shutdown, provide an extremely 
rugged device capable of surviving under many types of fault: 
conditions. Under-voltage lockout guarantees the outputs will be 
off or tri-stated until Vcc is sufficient for proper operation of the 
chip. Current limiting limits the peak current for a stalled or 
shorted motor, whereas thermal shutdown will tri-state the 
outputs if a temperature above 150°C is reached. 
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INTEGRATED 
cIRCUITS 


aa UNITRODE 
Brushless DC Motor Controller 


FEATURES 


Drives Power MOSFETs or Power Darlingtons directly 
50V Open Collector High-Side Drivers 

Latched Soft Start 

High-speed Current-Sense Amplifier with Ideal Diode 
Pulse-by-pulse and Average Current Sensing 
Over-voltage and Under-voltage Protection 

Direction Latch for Safe Direction Reversal 
Tachometer 

Trimmed Reference Sources 30mA 

Programmable Cross-conduction Protection 
Two-quadrant and four-quadrant operation 


BLOCK DIAGRAM 
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Rc-osc[25 
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pane a aN 72E ; 
ISENSE2| 


vCC[I9} em iz 
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DESCRIPTION 


The UC1625 and UC3625 motor controller ICs integrate most of the functions 
required for high-performance brushless DC motor control into one package. 
When coupled with external power MOSFETs or Darlingtons, these ICs 
perform fixed-frequency PWM motor control in either voltage or current mode 
while implementing closed ioop speed control and braking with smart noise 
rejection, safe direction reversal, and cross—conduction protection. 


Although specified for operation from power supplies between 10V and 18V, 
the UC1625 can control higher voltage power devices with external 
level-shifting components. The UC1625 contains fast, high-current push-pull 
drivers for low-side power devices and 50V open-collector outputs for 
high-side power devices or level shifting circuitry. 


The UC1625 is characterized for operation over the military temperature 
range of -55°C to +125°C; while the UC3625 is characterized from 0°C to 
70°C. 


NOTE: ESD Protection to 2kV 
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ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAM 
es halal De . ete a See asta, Pe has ata ee ege gt neds a pete DIL-28 (Top vi EW) 
f upply Voltage 2... ee ee + 

PWMIN- 2... 0 Fie sehpwtee Come tated Ne Soe 0.3 to 6V horn PACKAGE 
E/AIN+, B/AIN— oo ee ee -0.3 to 12V 
ISENSE1,ISENSE2° 6 ee ee -1.3 to 6V 
OV-COAST, DIR, SPEEDIN, H1, H2, H3, 

SSTART,QUADSEL.......... San Ras ashe Aone -0.3 to 8V 
PU Output Voltage... 2... ee ee, ~0.3 to 50V TSEnsel [44 3 : 
PU Output Current... .........000. +200 mA continuous TSENBE? LS 24] § START 
PD Output Current... #200mA continuous _™ aed 
EyA Output Current ©... ee +10 mA mae ae 
(SENSE Output Current... .........0...0000- —10 mA ae 
TACH-OUT Output Current ©... 0... . ee ee ee +10mA_ . veel 
VREF Output Current .............. -50mAcontinuous oF 
Operating Temperature Range UC1625 ....... -55°C to 125°C as 
Operating Temperature Range UC3625 ......... 0°C to 70°C im a 
Note 1: Currents are positive into and negative out of the specified terminal. . GROUND 
ELECTRICAL Unless otherwise stated, these specifications apply for: Ta=25°C; PWR-VCCeVCC=12V; Rosc=20K 


CHARACTERISTICS to Vref; Cosc=2nF; Rrach=33K; Crac=10nF; and all outputs unioaded. Ta=T; 


PARAMETER TEST CONDITIONS MIN. TYP. 
OVERALL 


Supply Curent 
OVERVOLTAGE/COAST ; ; : 
| OV-COAST Restart Threshold 

OV-COAST Hysteresis 

OV-COAST Input Current 

LOGIC INPUTS 

H1, H2, H3 Low Threshold an Over Operating Range 

H1,H2, H3 High Threshold — . Over Operating Range 

H1, H2, H3 Input Current Over Operating Range, To OV 

QUAD SEL, DIR Thresholds , Over Operating Range 


QUAD SEL, DIR Hysteresis - 
QUAD SEL input Current 


DIR Input Current 
PWM AMP/COMPARATOR 
E/AIN+, E/A IN— Inéut Current 


PWM IN Input Current. _ ; To 2.5V 


Error Amp Input Offset 0V<VCOMMON-MODE<3V 
Error Amp Voltage Gain : 


- E/A OUT Range - pina s 


— 


S START Pull-Up Current To OV 
S$ START Discharge Current To 2.5V 
S START Restart Threshold 


a ; UC1625 
UC3625 


PARAMETER TEST CONDITIONS MIN. TYP. MAX. _UNITS 
CURRENT AMP. : % ee ; 
[ean SSSCSCS*~*S*SCSC*dC NEVE 
Peak Ourent Tweaked 
=0V, | 026 

: 850 


Over Current Threshold ISENSE1=0V, Force ISENSE2 ‘ 


ISENSE1, ISENSE2 Offset Current To OV 
“RangelSENSE1,ISENSE2 —— : ; “1 
TACHOMETER/BRAKE 
.. TACH/OUT High: Level - 

TACH/OUT Low Level 
OnTime 
On Time Change With Temp 
RC—BRAKE Input Current 
Threshold to Brake, RC-BRAKE 
Brake Hysteresis, RC-BRAKE * 

SPEED IN Threshold 

“SPEED IN Input Current 
_ LOW-SIDE DRIVERS 


Over Operating Range, 10K to 2.5V "47 
- Ovér Operating Range, 10K to 2.5V _.- ote 
: : ARO 


Over Operating Range 
‘To OV 
Over Operating Range 


Over Operating Range 


$<) 


Over Operating Rage : 
Over OpertingFange 


Rise/Fall Time = ~ 1° 10% to 90% Slew Time, into 1nF : 
HIGH-SIDE DRIVERS 


at 7 


Short Cireuit Current _ Over Operating Range _ ee a ee ee 


MISCELLANEOUS : OO 
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PIN DESCRIPTIONS 


DIR, SPEED IN 


The position decoder logic translates the Hall signals and the DIR 
signal to-the correct driver signals (PUs and PDs). To prevent 
output stage damage, the signal on DIR is first loaded into a 
direction latch, then shifted through a two-bit register. 


As long as SPEEDIN is less than 250mV, the direction latch is 
transparent. When SPEEDIN is higher than 250mV, the direction 
latch inhibits all changes in direction. SPEEDIN can be connected 
to TACH-OUT through a filter, so that the direction latch is only 
transparent when the motor is spinning slowly, and has too little 
stored energy to damage power devices. 


Additional circuitry detects when the input and output of the 
direction latch are different, or when the input and output of the shift 
register are different, and inhibits all output drives during that time. 
This can be used to allow the motor to coast to a safe speed before 
reversing. 


The shift. register guarantees that direction can’t be changed 
instantaneously. The register is clocked by the PWM oscillator, so 
the delay between direction changes is always going to be between 
one and two oscillator periods. At 40kHz, this corresponds to a 
delay of between 25us and 50us. Regardless of output stage, 25us 
dead time should be adequate to guarantee no overlap 
cross-conduction. 


E/A IN+, E/A IN-, E/A OUT, PWM IN 


E/AIN+ and E/A IN- are not internally committed to allow for a wide 
variety of uses. They can be connected to the ISENSE, to 
TACH-OUT through a filter, to an external command voltage, to a 
D/A converter for computer contral, or to another op amp for more 
elegant feedback loops. The error amplifier is compensated for 
unity gain stability, so E/A OUT can be tied to E/A IN- for feedback 
and major loop compensation. 

E/A OUT and PWM IN drive the PWM comparator. For 
voltage-mode PWM systems, PWM IN can be connected to 
RC-OSC. The PWM comparator clears the PWM latch, 
commanding the outputs to chop. 
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Motors with 60 electrical degree position sensor coding -can be 
used if one or two of the position sensor signals is inverted. © 


ISENSE1, ISENSE2, ISENSE 


The current sense amplifier has a fixed gain of approximately two. 


t 


The error amplifier can be biased off by connecting'E/A IN- toa ~ 


higher voltage than E/A IN+. When biased off, E/A OUT will appear 
to the application as a resistor to ground. E/A OUT can then be 
driven by an external.amplifier. 


GND 


All thresholds and outputs are referred to the GND pin except for 
the PD and PU outputs. 


H1,H2,H3 °° ~~ 


The three shaft-position sensor inputs consist of hysteresis 
* comparators with input pull-up. resistors. Logic thresholds meet 
TTL specifications and can be driven by 5V CMOS, 12V CMOS, 
. NMOS, or open-collectors. 


Connect these inputs to motor shaft position sensors. that are 
positioned 120 electrical degrees apart. if noisy signals are 
expected, zener clamp and filter these inputs with 6V zeners and 
an RC filter. Suggested filtering components are 1K and 2nF. Edge 
skew in the filter is not a problem, because sensors normally 
generate modified Gray cede with only one output changing at a 
time, but rise and fall times must be shorter than 20us for correct 
tachometer operation. 


italso has a built-in level shift of amare 25 volts. The signal 
appearing on ISENSE is: 


ISENSE = 2.5V + (2* ABS (ISENSE1 — ISENSE2) ) 


ISENSE1 and ISENSE2 are interchangeable ¢ and can be used as 
differential inputs. The differential signal applied can be as high as 
+/-.5V before saturation. 


If spikés are expected on ISENSE1 or ISENSE2, they are best 
filtered by a capacitor from ISENSE to ground. Filtering this way 
allows fast signal inversions to be correctly processed by the 
absolute vaiue circuit. The peak-current comparator allows the 
PWM to enter a current-limit mode with current in the windings 
never exceeding approximately 0.2V/Rsense. The over current 
comparator provides a fail-safe shutdown in the unlikely case of 
cur rent exceeding 0.3V/Rsense. Then, soft start is commanded, 
and all outputs are turned off until the high current condition is 
removed. ; 


It is often essential to use some filter driving ISENSE1: and: 
ISENSE2 to reject extreme spikes and to control slew rate. 
Reasonable starting values for filter components might be 250Q 
series resistors and a 5nF capacitor between ISENSE1 and 
ISENSE2. Input resistors should be kept small and matched to 
maintain gain accuracy. 


Ov-COAST 


This input can be used as an over-voltage shutdown in put, as a 
coast input, or both. This input can be driven by TTL, 5V CMOS, 
or 12V CMOS. 


PDA, PDB, PDC 


These outputs can drive the gates of N-Channel power MOSFETs 
directly or they can drive the bases of power darlingtons if some 
form of current limiting is used. They are meant to drive low-side 
power devices in high-current output stages. Current available 
from these pins can peak as high as 0.5A. These outputs feature 
@ true totem-pole output stage. Beware of exceeding IC power 
dissipation limits when using these outputs for high continuous 
currents. These outputs pull high to turn a “low-side' device on 
(active high). 


PUA, PUB, PUC 


These outputs are open-collector, high-voltage drivers that are 
meant:to drive high-side power devices in high- current output 
stages. These are active low outputs, meaning that these outputs 
pull iow to. command a high-side device on. These outputs can 
drive low-voltage PNP darlingtons and P-channel. MOSFETs: 
directly, and can drive any high-voltage device using external. 
charge-pump techniques, transformer signal coupling, cascode 
level-shift transistors, or opto-isolated drive. (See applications). ; 


PWR-VCC . 


This supply pin carries the current sourced by the PD outputs. 
When connecting PD outputs directly to the bases of power 
darlingtons, the PWR-VCC pin can be current limited- with a 


resistor. Darlington outputs can also be "Baker Clamped" with 
diodes from collectors back to PWR-VCC. (See Applications) 


QUAD SEL 


The IC can chop power devices in either of two modes, referred to 
as "two-quadrant" (QUAD SEL low) and “four-quadrant" (QUAD 
SEL high). When two-quadrant chopping, the pull-down power 
devices are chopped by the output of the PWM latch while the 
pull-up drivers remain on. The load will chop into one commutation 
diode, and except for back-EMF, will exhibit slow discharge current 
and faster charge current. Two-quadrant chopping can be more 
efficient than four-quadrant. 


When four-quadrant chopping, all power drivers are chopped by 
the PWM latch, causing the load current to flow into two diodes 
during chopping. This mode exhibits better control of load current 
when current is low, and is preferred in servo systems for equal 
control over acceleration and deceleration. The QUAD SEL input 
has no effect on operation during braking. 


RC-BRAKE 


Each time the TACH-OUT pulses, the capacitor tied to RC-BRAKE 
discharges from approximately 3.33V down to 1.67V through a 
resistor. The tachometer pulse width is approximately T = 0.67 RT 
CT, where RT and CT are aresistor and capacitor from RC-BRAKE 
to ground. Recommended values for RT are 10K to 500K, and 
recommended values for CT are 1nF to 100nF, allowing times 
between 5us and 10ms. Best accuracy and stability are achieved 
with values in the centers of those ranges. 


RC-BRAKE also has another function. If RC-BRAKE pin is pulled 
below the brake threshold, the IC will enter brake mode. This mode 
consists of turning off all three high-side devices, enabling ail three 
low-side devices, and disabling the tachometer. The only things 
that inhibit low-side device operation in braking are low-supply, 
exceeding peak current, OV-COAST command, and the PWM 
comparator signal. The last of these means that if current sense is 
implemented such that the signal in the current sense amplifier is 
proportional to braking current, the low-side devices will brake the 
motor with current control. (See applications) Simpler current 
sense connections will result in uncontrolled braking and potential 
damage to the power devices. 


RC-OSC 


The UC3625 can regulate motor current using fixed-frequency 
pulse width modulation (PWM). The RC-OSC pin sets oscillator 
frequency by means of timing resistor ROSC from the RC-OSC pin 
to VREF and capacitor COSC from RC-OSC to GND. Resistors 
10K to 100K and capacitors 1nF to 100nF will work best, but 
frequency should always be below 500kHz. Oscillator frequency is 
approximately: 


F = 2/ RoscCosc 


Additional components can be added to this device to cause it to 
operate as a fixed off-time PWM rather than a fixed frequency 
PWM, using the RC-OSC pin to select the monostable time 
constant. 
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The voltage on the RC-OSC pin is normally a ramp of about 1.2V 
peak-to-peak, centered at approximately 1.6V. This ramp can be 
used for voltage-mode PWM control, or can be used for slope 
compensation in current-mode control. 


S START 


Any time that VCC drops below threshold or the sensed current 
exceeds the over-current threshold, the soft-start latch is set. When 
set, it turns on a transistor that pulls down on S START. Normally, 
a capacitor is connected to this pin, and the transistor will 
completely discharge the capacitor. A comparator senses when 
the NPN transistor has completely discharged the capacitor, and 
allows the soft-start latch to clear when the fault is removed. When 
the fault is removed, the soft-start capacitor will charge from the 
on-chip current source. 


S START clamps the output of the error amplifier, not allowing the 

error amplifier output voltage to exceed S START regardless of. 
input. The ramp on RC-OSC can be applied to PWM IN and 

compared to E/A OUT. With S START discharged below,0.2V and 

the ramp minimum being approximately 1.0V, the PWM 

comparator will keep the PWM latch cleared and the outputs off. 

As S START rises, the PWM comparator will begin to duty-cycle 

modulate the PWM latch until the error amplifier inputs overcome 

the clamp. This provides for a safe and orderly motor start-up from 

an off or fault condition. 


TACH-OUT 


Any change inthe H1, H2, or H3 inputs loads data from these inputs 
into the position sensor latches. At the same time data is loaded, 
a fixed-width 5V pulse is triggered on TACH-OUT. The average 
value of the voltage on TACH-OUT is directly proportional to 
speed, so this output can be used as a true tachometer for speed 
feedback with an external filter or averaging circuit. 


Whenever TACH-OUT is high, the position latches are inhibited, 
such that during the noisiest part of the commutation cycle, 
additional commutations are not possible. Although this will 
effectively set a maximum rotational speed, the maximum speed 
can be set above the highest expected speed, preventing false 
commutation and chatter. 


vcc 


This device operates with supplies between 10V and 18V. 
Under-voltage lockout keeps all outputs off below 7.5V, insuring 
that the output transistors never turn on until full drive capability is 
available. Bypass VCC to ground with an 0.1.F ceramic capacitor. 
Using a 10uF electrolytic bypass capacitor as well can be beneficial 
in applications with high supply impedance. 


VREF 


This pin provides regulated 5 volts for driving Hall-effect devices 
and speed control circuitry. VREF will reach +5V before VCC 
enables, ensuring that Hall-effect devices powered from VREF will 
become active before the UC3625 drives any output. Although 
VREF is current limited, operation over 30mA is not advised. 


CROSS CONDUCTION PREVENTION 


The UC3625 inserts delays to prevent cross conduction due to 
overlapping drive signals. However, some thought must always 
be given to cross conduction in output stage design because no 
amount of dead time can prevent fast slewing signals from 
coupling drive to a power device through a parasitic capacitance. 


The UC3625 contains input latches that serve as noise blanking 
fitters. These latches remain transparant through any phase of 
a motor rotation and latch immediately after an input transition 
is detected. They remain fatched for two cycles of the PWM 
oscillator. Ata PWM oscillator speed of 20kHz, this corresponds 
to 501s to 100us of blank time which limits maximum rotational 
speed to 100kRPM for a motor with six transitions per rotation 
or SOkRPM for a motor with 12 transitions per rotation. 


This prevents noise generated in the first 50us of a transition 
from propogating to the output transistors and causing 
cross—conduction or chatter. 


The UC3625 also contains six flip flops corresponding to the six 
output drive signals. One of these flip flops is set every time that 
an output drive signal is turned on, and cleared two PWM 
oscillator cycles after that drive signal is turned off. The output 
of each flip flop is used to inhibit drive to the opposing output. 
(see below) In this way, it is impossible to turn on driver PUA and 
PDA at the same time. It is also impossible for one of these 
drivers to turn on without the other driver having been off for at 
feast two PWM oscillator clocks. ; 


TYPICAL CHARACTERISTICS 


Oscillator Frequency vs Cosc and Rosc 
1MHz 


100KHz 


1OKHz 


OSCILLATOR FREQUENCY 


KHz 
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TYPICAL CHARACTERISTICS 


Supply Current vs Temperature 
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Soft Start Discharge Current vs Temperature 
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POWER STAGE DESIGN 


The UC3625 is useful in a wide variety of applications, including 
high-power in robotics and machinery. The power output stages 
used in such equipment can take a number of forms, according to 
the intended performance and purpose of the system. Below are 
four different power stages with the advantages and disadvantages 
of each shown. 


For high-frequency chopping, fast recovery circulating diodes are 
essential. Six are required to clamp the windings. These diodes 
should have a continuous current rating at least equal to the 
operating motor current, since diode conduction duty-cycle can be 
high. For low-voltage systems, Schottky diodes are preferred. In 
higher voltage systems, diodes such as Unitrode UHVP high 
voltage platinum rectifiers are recommended. 


In a pulse-by-pulse current control arrangement, current sensing 
is done by resistor RT, through which the transistor’s currents are 
passed (Figures A, B, and C). In these cases, RD is not needed. 


The low-side circulating diodes go to ground and the current sense . 
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Soft Start Pull-Up Current vs Temperature 


1 
Spann 


SOFT START CURRENT - (yA) 
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TEMPERATURE - (°C) 


Current Sense Amplifier Transfer Function 


3.5 


3.0 


ISENSE (V) 


2.5 
-0.5 0.0 0.5 


ISENSE2-ISENSEI - (V) 


terminals of the UC3625 (ISENSE1 and ISENSE2) are connected 
to RT through an RC filter. The input bias current of the current 
sense amplifier willcause a common mode offset voltage to appear 
at both inputs, so for best accura¢y, keep the filter resistors below 
2K and matched. 


The current that flows through RT is discontinuous because of 
chopping. It flows during the on time of the power stage and is zero 
during the off time. Consequently, the voltage across RT consists 
of a series of pulses, occuring at the PWM frequency, with a peak 
value indicative of the peak motor current. 


To sense average motor current instead of peak current, add 
another current sense resistor (RD in Figure D) to measure current 
in the low-side circulating diodes, and operate in four quadrant 
mode (pin 22 high). The negative voltage across RD is corrected 
by the absolute value current sense amplifier. Within the 
limitations imposed by Table 1, the circuit of Figure B can also 
sense average current. 
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POWER STAGE DESIGN 


To 
> MOTOR 


<—. 


CURRENT 


CURRENT R 
SENSE. T 


SENSE 


CURRENT 
SENSE 


a4 ie CURRENT SENSE 
QUADRANT QUADRANT BRAKING 


“ PULSE BY AVERAGE 
PULSE 
icunea | ves, =| so | S| |S ves =| NO 
FIGURE B YES YES IN 4QUAD YES YES 
3 MODE ONLY : 
FIGURE C _ YES YES YES YES YES NO 
FIGURE D YES YES YES YES “YES YES 


FAST HIGH-SIDE P-CHANNEL DRIVER 
VM>+45V 


Lah 


For drives where speed is critical, P-Channel MOSFETs can be 
driven by emitter followers. Here, both the level shift NPN and the 
PNP must withstand high voltages. A zener diode is used to limit 
gate-source voltage on the MOSFET. A series gate resistor is not 
necessary, but always advisable to control overshoot and ringing. 


POWER NPN HIGH-SIDE DRIVER 


i VM>+45V 
PUA 


For under 200V 2-quadrent applications, a power NPN driven by 
asmall P-Channel MOSFET will perform well as a high-side driver. 
Ahigh voltage smail-signal NPN is used as a level shift and a high 
voltage fow-current MOSFET provides drive. Although the NPN 
will not saturate if used within its limitations, the base-emitter 
resistor on the NPN is still the speed limiting component. 


UC1625 
UC3625 


OPTOCOUPLED N-CHANNEL HIGH-SIDE DRIVER 


+12V Vm+l2v 


faa 


ae 


PUA 


High-voltage optocouplers can quickly drive high-voltage 
MOSFETs if a boost supply of at least 10 volts greater than the 
motor supply is provided. To protect the MOSFET, the boost 
supply should not be higher than 18 volts above the motor supply. 


POWER NPN LOW-SIDE DRIVER 
+12V 


TO 
OTHER 
CHANNELS 


PWRVCC [_} 


}— 


PDA POWER 


DARL INGTON 


TO CURRENT 
SENSE RESISTOR 
This power NPN Darlington drive technique uses a clamp to 
prevent deep saturation. By limiting saturation of the power 
device, excessive base drive is minimized and turn-off time is kept 
fairly short. Lack of base series resistance also adds to the speed 
of this approach. 


FAST HIGH-SIDE N-CHANNEL DRIVER with TRANSFORMER ISOLATION 


Asmall pulse transformer can provide excellent isolation 
between the UC3625 and a high-voltage N-Channel 
MOSFET while also coupling gate drive power. In this 
Circuit, aUC3724 is used as a transformer driver/encoder 
that duty-cycle modulates the transformer with a 150kHz 
pulse train. The UC3725 rectifies this pulse train for gate 
drive power, demodulates the signal, and drives the gate 
with over 2 amp peak current. 


Both the UC3724 and the UC3725 can operate up to 
500kHz ifthe pulse transformer is selected appropriately. 
To raise the operating frequency, either lower the timing 
resistor of the UC3724 (1K minimum), lower the timing 
capacitor of the UC3724 (500pF minimum) or both. 


If there is significant capacitance between transformer 
primary and secondary, together with very high output 
slew rate, then it may be necessary to add clamp diodes 
from the transformer primary to +12V and ground. Signal 
diodes such as 1N4148 are normally adequate. 


The UC3725 also has provisions for MOSFET current 
limiting. Consult the UC3725 data sheet for more 
information on implementing this. 


COMMUTATION TRUTH TABLE 


This table shows the outputs of the gate drive and open collector 
outputs for given hall input codes and direction signals. Numbers 


at the top of the columns are pin numbers. 


These ICs operate with position sensor encoding that has either 
one or two signals high at a time, never ail low or all high. This 
coding is sometimes referred to as "120° Coding" because the 
coding is the same as coding with position sensors spaced 120 
magnetic degrees about the rotor. In response to these position 
sense signals, only one low-side driver will turn on.(go high) and 


one high-side driver will turn on (pull low) at any time. 
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VMOTOR 


[9 [rofi2[isfia 


© 


OUTPUTS 
H2}| H3{ LOW-SIDE JHIGH-SIDE 


16 


17 {18 


UC1625 


N-Channel power MOSFETs are used for low-side drivers, 
while P-Channel power MOSFETs are shown for high-side 
drivers. Resistors are used to level shift the UC3625 
open-collector outputs, driving emitter followers into the 
MOSFET gate. A 12V zener clamp insures that the MOSFET 
gate-source voltage will never exceed 12V. Series 102 gate 
resistors tame gate reactance, preventing oscillations and 
minimizing ringing. 

The oscillator timing capacitor should be placed close to pins 
15 and 25, to keep ground current out of the capacitor. Ground 
current in the timing capacitor causes oscillator distortion and 
slaving to the commutation signal. 


The potentiometer connected to pin 1 controls PWM duty cycle 
directly, implementing a crude form of speed control. This 
control is often referred to as "voltage mode" because the 
potentiometer position sets the average motor voltage. This 
controls speed because steady-state motor speed is closely 
related to applied voltage. 


UC3625 
TYPICAL APPLICATION: A 45V/8A Brushless DC Motor Drive Circuit 
+15V VMOTOR 
+5V POR 
HALL SENSORS 
+ LOOsF 
1RF9530 
To 
MOTOR 
TO OTHER To 
CHANNELS FOR BRAKE 
AND FAST 
REVERSE 
TO OTHER 
CHANNELS 
IRFS32 
2200pF R | 
BRAKE | IX 
| SaF] 68K [Sar 100nF 
2408 0.19 O19 REQUIRED 
<= A 
Ens @ ne R As |. ure 
HALL T s SENSING 
2aF 
SENSORS i ot 
2aF 


Pin 20 (TACH OUT) is connected to.pin 7 (SPEED IN) through 
an RC filter, preventing direction reversal while the motor is 
spinning quickly. In two—quadrant operation, this reversal can 
cause kinetic energy from the motor to be forced into the power 
MOSFETs. 


A diode in series with the low-side MOSFETs facilitates PWM 
current contro! during braking by insuring that braking current 
will not flow backwards through low-side MOSFETs. Dual 
current-sense resistors give continuous current sense, 
whether braking or running in four—-quadrant operation, an 
unnecessary luxury for two—quadrant operation. 


The 68k ohm and 3nF tachometer components set maximum 
commutation time at 140s. This permits smooth operation up 
to 35,000 RPM for four—pole motors, yet gives 140s of noise 
blanking after commutation. 
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Phase Locked Frequency Controller 


FEATURES 
® Precision Phase Locked Frequency 
Control System 


© Crystal Oscillator 


© Programmable Reference Frequency 
Dividers 


© Phase Detector with Absolute 
Frequency Steering 


© Digital Lock Indicator 


® Double Edge Option on the Frequency 
Feedback Sensing Amplifier 


* Two High Current Op-Amps 
« 5V Reference Output 


BLOCK DIAGRAM 
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DESCRIPTION 

The UC1633 family of integrated circuits was designed for use in phase locked 
frequency controt loops. While optimized for precision speed contro! of DC motors, 
these devices are universal enough for most applications that require phase locked 
control. A precise reference frequency can be generated using the device’s high 
frequency oscillator and programmabte frequency dividers. The oscillator operates 
using a broad range of crystals, or, can function as a buffer stage to an external 
frequency source. 


The phase detector on these integrated circuits compares the reference frequency with 
a frequency/phase feedback signal. In the case of a motor, feedback is obtained at a 
hall output or other speed detection device. This signal is buffered by a sense amplifier 
that squares up the signal as it goes into the digital phase detector. The phase detector 
responds proportionally to the phase error between the reference and the sense 
amplifier output. This phase detector includes absolute frequency steering to provide 
maximum drive signals when any frequency error exists. This feature allows optimum 
start-up and lock times to be realized. 


Two op-amps are included that can be configured to provide necessary loop filtering. 
The outputs of these op-amps will source or sink in excess of 16mA, so they can 
provide a low impedance contro! signal to driving circuits. 


Additional features include a double edge option on the sense amplifier that can be 
used to double the loop reference frequency for increased loop bandwidths. A digital 
lock signal is provided that indicates when there is zero frequency error, and a 5V 
reference output allows DC operating levels to be accurately set. 


-————— 


INPUT 


DOUBLE EDGE 
DISABLE 


OUTPUT 


SENSE AMPLIFIER 


LOOP 
AMPLIFIER 


DIVIDE 
SELECT 


DOUBLE EDGE LOGIC 


LOCK 
INDICATOR 


AUXILIARY OP-AMP. 
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ABSOLUTE MAXIMUM RATINGS 


Input Supply Voltage (+VIN) -...--. seer eee ee ener eer ees +20V 
Reference Output Current 
Op-Amp Output Currents 
Op-Amp Input Voltages .......--.- eee eee e creer ee 
Phase Detector Output Current 
Lock Indicator Output Current 
Lock Indicator Output Voltage 
Divide Select input Voltages ..........---..0--6s 


Double Edge Disable Input Voltage...........-. -.3V to +10V 
Oscillator Input Voltage. ..........-- eee eee ..7.3V to +5V 
Sense Amplifier Input Voltage ..........-+-.0+- -.3V to +20V 
Power Dissipation at Ta = 25°C .......--. eee eee eee 1000mWw 
Derate at LOmW/°C above 25°C 
Power Dissipation at Tc = 25°C ......-.. eee eee renee 2000mW 
Derate at 16mW/°C above 25°C 
Thermal Resistance Junction to Ambient ..........-. 100°C/W 
Thermal Resistance Junction to Case ..............-- 60°C/W 
Operating Junction Temperature............ -55°C to +150°C 
Storage Temperature... .......0..0- 2 eee eee -65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds)......-...--- 300°C 


Note: 1. Voltages are referenced to ground, (Pin 16). 
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CONNECTION DIAGRAM 


DIL-16 (TOP VIEW) 
J or N PACKAGE 


OW. 4/5 
INPUT 


DIV. 2/4/8 
(INPUT 


[16] GROUND 
osc. 
RS] INPUT 


LOCK INDICATOR Osc. 
OUTPUT 4] OUTPUT 


PHASE DETECTOR 
oureuT 4] Vin 
DBL. EDGE AUX, AMP. 
DISABLE INPUT OUTPUT 
SENSE AMP AUX. AMP. 
INPUT NON-INV. INPUT 
5V REF. 


AUX. AMP. 
INV. INPUT 
[9] LOOP AMP. 

OUTPUT 


OUTPUT 


LOOP AMP. 
INV. INPUT 


Currents are positive into, negative out of, the specified 


terminals. 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for Ta = 0°C to +70°C for the UC3633, -25°C to +85°C 
for the UC2633 and -55°C to +125°C for the UC1633, +Vin = 12V.) TA=TJ 


i. PARAMETER 


TEST CONDITIONS 


Supply Current 


+Vin = 15V 


MIN. TYP. MAX. } UNITS 
20 28 mA 


Reference 


Output Voltage (Vrer) 


4.75 | 50 | 5.25 v 


Load Regulation lout = 0 to 7mA 5.0 20 mV 
Line Regulation +Vin = 8 to 15V [ 20 | 20 mV 
Short Circuit Current Vout = OV 12 30 mA 1 
Oscillator 
DC Voltage Gain Oscillator Input to Oscillator Output 12 16 | 20 aa | 
Input DC Level (Vis) Oscillator Input Pin Open, Ty = 25°C 1.15 1.3 1.45 V 
r Input Impedance (Note 2) Vin = Vip + 0.5V, Ty = 25°C 1.3 1.6 ~| 19 kQ 
Output DC Level Oscillator Input Pin Open, Ty = 25°C 1.2 1.4 1.6 V 


Maximum Operating Frequency 


L 


Dividers 
— 


Maximum Input Frequency 


Input = 1Vpp at Oscillator Input 


Div. 4/5 Input Current 
tL 


Input = 5V (Div. by 4) 
Input = OV (Div. by 5) 


Div. 4/5 Threshold 


Div. 2/4/78 Input Current 


Input = 5V (Div. by 8) 


L input = OV (Div. by 2) 


Div. 2/4/8 Open Circuit Voltage 


Input Current = OwA (Div. by 4) 


Div. by 2 Threshold 


Div. by 4 Threshold 


L Div. by 8 Threshold 


Volts Below Vrer 


Note: 2. These impedance levels will vary with Ty at about 1700ppm/°C. 
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ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for Ta = 0°C to +70°C for the UC3633, -25°C to +85°C 
for the UC2633 and -55°C to +125°C for the UC1633, +Vin = 12V.) Ta=Ty 


PARAMETER [ TEST CONDITIONS [in T tye. 7 wax. [units 

Sense Amplifier 
Threshold Voltage Percent of Vrer 27 30 33 % 
Threshold Hysteresis 10 mV 
Input Bias Current Input = 1.5V -1.0 -0.2 uA 
Double Edge Disable Input 
inpuh Curent Input = 5V (Disabled) 

Input = OV (Enabled) 
Threshold Voltage 
Phase Detector 
High Output Level Positive Phase/Freq. Error, Volts Below Vrer [ 0.2 0.5 Vv | 
Low Output Level Negative Phase/Freq. Error 0.2 0.5 Vv 
Mid Output Level Zero Phase/Freq. Error, Percent of Vrer 47 [ 50 53 % 
High Level Maximum Source Current Vout = 4.3V i 2.0 | 8.0 ‘ mA 
Low Level Maximum Sink Current Vout = 0.7V 2.0 5.0 mA 
Mid Level Output Impedance (Note 2) lout = -200 to +200uA, Ty = 25°C 45 [ 6.0 75 kQ 
Lock Indicator Output 
Saturation Voltage Freq. Error, lour = 5mA 0.3 0.45 Vv 
Leakage Current Zero Freq. Error, Vout = 15V 0.1 1.0 HA 
Loop Amplifier “ 
NON INV. Reference Voltage Percent of Vrer 47 50 53 % 
Input Bias Current Input = 2.5V -0.8 -0.2 HA 
AVOL 60 75 dB 
PSRR +Vin = 8 to 15V 70 100 dB 
Short Circuit Current Soules: Yours OF mn 

Sink, Vout = 5V mA | 
Auxiliary Op-Amp 
Input Offset Voltage | Vom = 2.5V mV 
Input Bias Current Vom = 2.5V HA 
Input Offset Current f Vom = 2.5V uA 
AVOL dB 
PSRR | +Vin = 8 to 15V dB | 
CMRR Vom = 0 to 10V dB 
Short Circuit Current Source, Vour = OV 


Sink, Vout = 5V 
Note: 2. These impedance levels will vary with Ty at about 1700ppm/°C. 
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APPLICATION AND OPERATION INFORMATION 
Determining The Oscillator Frequency The resulting reference frequency appearing at the phase detec- 
- , . ; i tor inputs is equal to the oscillator frequency divided by the 
Tbe frequency at te oscillator is determined by: tie desired RF M selected divide ratio. If the double edge option is used, (Pin 5 low), 
of the motor, the divide ratio selected, the. number of poles in the the frequency of the sense amplifier input signal is doubled’ by 
motor, and the state of the double edge select pin. responding to both the rising and falling edges of the input signal. 
fosc(Hz) = (Divide Ratio) - (Motor RPM) « (1/60 SEC/MIN) - Using this option the toop reference frequency can be doubled for 


a given motor RPM. 
(No. of Rotor Poles/2) - (« 2 if Pin 5 Low) 


Recommended Oscillator Configuration Using AT Cut Quartz Crystal 


(S1LOMHz) 


REQUIRED 
TO PREVENT | | 
SPURIOUS | 
OSCILLATION | i 
| 16k { 

I 


UC1633 


External Reference Frequency Input 


EXTERNAL ae: 


lto ae EN /\ 


OR 


~ .2Vep to 2V 


C1633 


Method For Deriving Rotation Feedback Signal From Analog Hall Effect Device 


Vrer 
OUTPUT 


We te 


*Vpp LaF Senge 
> 300mVpp 
LOW LEVEL : AMPLIFIER 
ANALOG HALL 
OUTPUT 


*This signal may require filtering if chopped mode drive scheme is used. 
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APPLICATION AND OPERATION INFORMATION 


Phase Detector Operation 


The phase detector on these devices is a digital circuit that 
responds to the rising edges of the detector’s. two inputs. The 
phase detector output has three states: a high, 5V state, a low, OV 
state, and a middle, 2.5V state. In the high and low states the 
output impedance of the detector is low, the middle state output 
impedance is high, typically 6.0kQ. When there is any static 
frequency difference between the inputs the detector output is 
fixed at its high level if the +input (the sense amplifier signal) is 
greater in frequency, and fixed at its tow level if the —input (the 
reference frequency signal) is greater in frequency. 


When the frequencies of the two inputs to the detector are equal 
the phase detector switches between its middle state and either 
the high or low states, depending on the relative phase of the two 
signals. lf the tinput is leading in phase then, during each period 
of the input frequency, the detector output will be high for a time 
equal to the time difference between the rising edges of the 
inputs, and will be at its middie level the remainder of the period. 
lf the phase relationship is reversed then the detector will go low 
for a time proportional to the phase difference of the inputs. The 
resulting gain of the phase detector, K¢, is 5V/47 radians, or 


TYPICAL PHASE DETECTOR OUTPUT WAVEFORMS 


T 
{ONE PERIOD 
OF REFERENCE 

FREQUENCY) 


PHASE DETECTOR STATE DIAGRAM 


OUTPUT = 5V 


RISING EDGE 
ON PHASE DETECTO! 


OUTPUT = 2.5V 
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UC3633 


about 0.4V/radian. The dynamic range of the’ detector is +27 
radians. 


The operation of the phase detector is illustrated in the figures 
below. The upper figure shows typical voltage waveforms seen at 
the detector output for leading and lagging phase conditions. The 
tower figure is a state diagram of the phase detector logic. In this 
figure, the circles represent the 10 possible states of the logic and 
the connecting arrows the transition events/paths to and from 
these states. Transition arrows that have a clockwise rotation are 
the result of a rising edge on the +input, and conversely, those 
with counter-clockwise rotation are tied to the rising edge on the 
-input signal. 


The normal operational states of the logic are 6 and 7 for positive 
phase error, 1 and 2 for a negative phase error. States 8 and 9 
occur during positive frequency error, 3 and 4 during negative 
frequency error. States 5 and 10 occur only as the inputs cross 
over from a frequency error to a normal phase error only condi- 
tion. The level of the phase detector output is determined by the 
logic state as defined in the state diagram figure. The lock indica- 


. tor output is high, off, when the detector is in states 1, 2, 6, or 7. 


SENSE AMPLIFIER INPUT 
LEADING REFERENCE 
FREQUENCY INPUT 

BY 90 DEGREES 


SENSE AMPLIFIER INPUT 
TRAILING REFERENCE 
FREQUENCY INPUT 

BY 90 DEGREES 


RISING EDGE 


IR ON PHASE DETECTOR 
~ INPUT ) ( + INPUT 
(REFERENCE) (SENSE AMP) 


+ 


OUTPUT = OV 


DIGITAL LOCK INDICATOR HIGH DURING STATES 1, 2, 6, AND 7. 
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APPLICATION AND OPERATION INFORMATION 


Suggested Loop Filter Configuration 


FROM REF. 
FILTER TO POWER 
DRIVE STAGE 


= RoC; 


1 


1 ~ (Ry + Re) Cr 
Vapy, 5¥ OR OV 


* The static phase error of the loop is easily adjusted by adding Where: | AVout| =| Vout - 2.5V| 


resistor, R4,as shown. Tolock at zero phase error Rg is determined and Vout = DC Operating Voltage At Loop 
by: Amplifier Output During Phase Lock 


2.5V > Rg 2 (Vout - 2.5) > 0 Ra Goes To OV 
45 | AVout! (Vout ~ 2.5) <0 Ra Goes To 5.0V 


Reference Filter Configuration 


FROM 
PHASE DETECTOR r 
OUTPUT ‘ALTER 
Vour INPUT 


AUXILIARY 
OP-AMP. 


Reference Filter Design Aid — Gain Response 
- Sa 

Variable is we? 

For Ry= Ra, we? = C1/Ca) 


PHASE SHIFT — (degrees) 


VOLTAGE GAIN — (dB) 


04 06081 
NORMALIZED FREQUENCY — (w/wn) NORMALIZED FREQUENCY — (w/wn) 
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Design Example LOCK INDICATION 
OUTPUT 


Ky = .022V-SEC/RAD 
Ky = .022NM/AMP 


J = 1.5E-3 NM-SEC? 
(Includes 3-5” Platters) 


7.8643MHz 


+12V INO MOTOR | 


UC3633 UC3620 
PHASE LOCKED CONTROLLER SWITCHMODE 3-¢ DRIVER 


O 
HALL LOGIC 
OUTPUTS 


Precision phase locked frequency control of 3-phase motor at 
3600 RPM. Drive scheme is current fed using the UC3620 switch- 
mode driver for 3-@ motors. 


Bode Plots — Design Example Open Loop Response Kir(s) - Krr(s) 
sa N+ K@> Gpp + Kr 
———e2 4 
3— Combined Overall Open Loop Response 


Where: 
Kir(s) = Loop Filter Response 
Krr(s) = Reference Filter Response 
N = 4 (Using Double Edge Sensing With 4 Pole Motor) 
K@ = Phase Detector Gain (.4V/RAD) 

ane Coens ae Gpp = Power Stage Transconductance (1A/V) 

a 02 050102051 2 5 10 . 50 100 Kr = Motor Torque Constant (.022NM/A) 

NORMALIZED FREQUENCY — f/f — (fu = 4Hz) J = Motor Moment of Inertia (.0015NM - SEC?) 


s = 2nif 


: Foracurrent mode driver the electrical time constant, Lu/Rm, of the motor does not enter into into the small signal response. If 
a voltage mode drive scheme is used, then the asymptote, plotted as 2 above, can be approximated by: 


N-K@-Kpp- Kr = a ia) 5 Ru 
gist owe fo Ske “See pupge ss Owls 


Here: Kpp = Voltage Gain of Driver Stage 
Ru = Motor Winding Resistance 


Lu = Motor Winding Inductance 
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Phase Locked Frequency Controller 


FEATURES 
@ Precision Phase Locked Frequency 
Control System 


® Commutation Logic for 2-Phase Motors 
© Disable Input for Motor Inhibit 
© Crystal Oscillator 


© Programmable Reference Frequency 
Dividers 


¢ Phase Detector with Absolute 
Frequency Steering 


© Digital Lock Indicator 
© Two High Current Op-Amps 
e 5V Reference Output 


CONNECTION DIAGRAM 
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DESCRIPTION 

The UC1634 series of devices is optimized to provide precision phase locked frequency 
control for two phase DC brushless motors. These devices include most of the features 
of the general purpose UC1633 Phase Locked Control family and also provide the out- 
of-phase commutation signals required for driving two phase brushless motors. Only an 
external power booster stage is required for a complete drive and control system. 


The two commutation outputs are open collector devices that can sink in excess of 
16mA. A disable input allows the user to simultaneously force both of these outputs to 
an active low state. Double edge logic, following the sense amplifier, doubles the 
reference frequency at the phase detector by responding to both edges of the input 
signal at Pin 7. 


ABSOLUTE MAXIMUM RATINGS 


Input Supply Voltage (+Vin) 
Reference Output Current 
Op-Amp Output Currents 
Op-Amp Input Voltages 
Phase Detector Output Current 
Lock Indicator Output Current 


DIL-16 (TOP VIEW) 
J or N PACKAGE 


DIV. 2/4/8 
INPUT 

LOCK INDICATOR 
OUTPUT 

PHASE DETECTOR 
OUTPUT 


OSC. 
INPUT 


DISABLE SVK 


GROUND 


Osc. 
OUTPUT 


Lock Indicator Output Voltage 
Divide Select Input Voltage 
Disable Input Voltage 
Oscillator Input Voltage 
Sense Amplifier Input Voltage 
Driver Output Currents 
Driver Output Voltages 
Power Dissipation at Ta = 25°C 

Derate at 1OmW/°C above 25°C 


scWERh BUFFER AMP. Power Dissipation at Tc = 25°C 0.0... cee 2000mW 

OUTPUT OUTPUT Derate at 16mW/°C above 25°C 

DRIVER BOT ER AME Thermal Resistance Junction to Ambient ............ 100°C/W 
LOOP AMP. Thermal Resistance Junction to Case ................ 60°C/W 


SENSE AMP. 
INPUT 


SV REF. 
OUTPUT 


LO 
19] IN 


OUTPUT 


OP AMP. 
V. INPUT 


Operating Junction Temperature... 
Storage Temperature -65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds)............. 


+. 755°C to +150°C 


BLOCK DIAGRAM 


Note: 1. Voltages are referenced to ground, (Pin 16). 
Currents are positive into, negative out of, the specified 
terminals. 


TWO PHASE 
DRIVE LOGIC 


SENSE AMPLIFIER 


DIVIDE 
SELECT 


DOUBLE EDGE LOGIC 


LOCK 


INDICATOR 
BUFFER OP-AMP. 


‘5-57 


UC1634 
UC2634 
UC3634 


~ ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for Ta = O0°C to +70°C for the UC3634, -25°C to +85°C 


for the UC2634 and -55°C to +125°C for the UC1634, +Vin = 12V.) Ta=Ty 


PARAMETER 


TEST CONDITIONS 


MAX. 


Supply Current 


+Vin = 15V 


| MIN. | 


TYP. 
20 


29 


| UNITS | 


mA 


Reference 


| Output Voltage (Vrer) 


Load Regulation 
Line Regulation 


Short Circuit Current 


Oscillator 


lout = 0 to 7mA 


+Vin = 8 to 15V 
Vout = OV 


DC Voltage Gain 


Oscillator In to Oscillator Out 


Input DC Level (Vip) 


Oscillator In Pin Open, Ty = 25°C 


Input Impedance (Note 2) 


Vin = Vip + 0.5V, Ty = 25°C 


Output DC Level 


Oscillator In Pin Open, Ty = 25°C 


Maximum Operating Frequency 


Dividers 


Maximum Input Frequency 


Input = 1Vpp at Oscillator In 


Div. 4/5 Input Current Input = 5V (Div. by 4) 150 500 uA 
(Q Package Only, Note 3) Input = OV (Div. by 5) -5.0 0.0 5.0 uA 
Div. 4/5 Threshold 
1 (Q Package Only, Note 3) 0.5 16 22 v 
| = iv. 
Div. 2/4/8 Input Current neu AY ADH bye) 0 200 a 
Input = OV (Div. by 2) -500 -150 uA 
Div. 2/4/8 Open Circuit Voltage Input Current = OwA (Div. by 4) 15 2.5 3.5 V 
Div. by 2 Threshold 0.20 0.8 Vv 
Div. by 4 Threshold | 1.5 3.5 V 
Div. by 8 Threshold Volts Below Vaer 0.20 0.8 Vv 


Sense Amplifier 


Threshold Voltage 


Percent of Vrer 


Threshold Hysteresis 10 mV 
Input = 1.5V 


Input Bias Current 


Two Phase Drive Outputs, A and B 


Saturation Voltage 


| tour = 16mA 


0.6 


Leakage Current 


Vout = 15V 


5.0 


| 


Disable Input 


(nput Current 


Threshold Voltage 
Phase Detector 


{— 


Input = 5V (Disabled, 
A and B Outputs Active Low) 


Input = OV (Enabled) 


High Output Level Positive Phase/Freq. Error, Volts Below Vrer 0.2 0.5 Vv 
Low Output Level Negative Phase/Freq. Error 0.2 0.5 Vv 
Mid Output Level Zero Phase/Freq. Error, Percent of Vrer 47 50 53 % 
High Level Maximum Source Current Vout = 4.3V 2.0 8.0 mA 
Low Level Maximum Sink Current Vout = 0.7V 2.0 5.0 mA 
Mid Level Output Impedance (Note 2) lout = ~200 to +200yA, Ty = 25°C 45 6.0 7.5 kQ 


Note: 2. These impedance tevels wil! vary with Ty at about 1700ppm/°C. 
3. This part is also available in a 20 pin plastic jeadless chip carrier, Q designator, where a divide by 4/5 select pin is available. 


Consult factory for details 
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UC1634 
UC2634 
UC3634 
ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for Ta = O°C to +70°C for the UC3634, -25°C to +85°C 
for the UC2634 and -59°C to +125°C for the UC1634, +Vin = 12V.) TA=Ty 


PARAMETER TEST CONDITIONS [ win. | tye | max. | units 
Lock Indicator Output 


Saturation Voltage Freq. Error, lout = 5mA 0.3 | 0.45 Vv 
Leakage Current Zero Freq. Error, Vout = 15V 0.1 | 1.0 uA 
Loop Amplifier 


N INV. Reference Votage 


Input Bias Current Input = 2.5V | -08 | -02 | | 
AVOL 


PSRR 


+Vin = 8 to 15V 


Short Circuit Current Source, Vout = OV 
Sink, Vout = 5V 
Buffer Op-Amp 
Input Offset Voltage Vom = 2.5V T 8 mV 
Input Bias Current Vom = 2.5V -0.8 -0.2 uA 
PSRR +Vin = 8 to 15V 70 100 dB 
CMRR Vom = 0 to 10V 70 100 dB 
Short Circuit Current Soiree: Yours Ov a6 2 me 
Sink, Vout = 5V 16 [| 30 mA 


= APPLICATION AND OPERATION INFORMATION (For additional information see UC1633 data sheet) 
Design Example: 
Precision phased locked frequency control of a 2-phase motor at 


3600 RPM. Using the commutation logic on the UC3634, a simple 
discrete drive scheme is possible. 


LOCK INDICATION 
OUTPUT 


Unitrode Integrated Circuits Corporation 


7 Continental Boulevard. * P.O. Box 399 ¢ Merrimack, New Hampshire * 08054-0399 
Telephone 603-424-2410 ¢ FAX 603-424-3460 5-59 


INTEGRATED 
ciraculitTs 


ae UNITRODE 


UC1635 
UC2635 
UC3635 


Phase Locked Frequency Controller 


FEATURES 


* Precision Phase Locked Frequency 
Control System 


* Crystal Oscillator 


« Programmable Reference Frequency 
Dividers 


« Phase Detector with Absolute Frequency 
Steering 


Seperate Divider Outputs and Phase 
Detector Input Pins 


* Double Edge Optioni on the Frequency 
Feedback Sensing Amplifier 


* Two High Current Op Amps 
« 5V Reference Output 


BLOCK DIAGRAM 


SENSE AMPLIFIER 


DOUBLE EDGE 
DISABLE 


LOOP 
AMPLIFIER 


DESCRIPTION 


The UC1635 family of integrated circuits was designed for use in precision speed control of 
DC motors. An extension to the UC1633 line of phase locked controllers, these devices 
provide access to the both of the digital phase detector’s inputs, and include a reference 
frequency divider output pin. With this added flexibility, this family of controllers can be used 
to obtain phase synchronization of multiple motors. 


A reference frequency can be generated using the device's crystal oscillator and 
programmable dividers. The oscillator operates using a broad range of crystals, or, can 
function as a buffer stage to an external frequency source. 


The phase detector responds proportionally to the phase error between the detector’s minus 
input pin and the sense amplifier output. This phase detector includes absolute frequency 
steering to provide maximum drive signals when any frequency error exists. This feature 
allows optimum start-up_and lock times to be realized. 


Two op-amps are included that can be configured to provide necessary loop filtering. The 
outputs of these op-amps will source or sink in excess of 16mA, so they can provide a low 
impedance control signal to driving circuits. 


Additional features include a doubie edge option on the sense amplifier that can be used to 


double the loop reference frequency for increased loop bandwidths. A 5V reference output 
can be used to accurately set DC operating levels. 


DIVIDE 
SELECT 


PHASE 
DETECTOR 


OUTPUT 


AUXILIARY OP-AMP. 


ABSOLUTE MAXIMUM RATINGS 
Input Supply Voltage (+Vin) 
Reference Output Current 
Op-Amp Output Currents 
Op-Amp Input Voltages 
Phase Detector Input Voltage 
Phase Detector Output Current 
Lock Indicator Output Current 
Lock Indicator Output Voltage 


Divide Select Input Voltages ....... 


Double Edge Disable Input Voltage 
Oscillator Input Voltage 
Sense Amplifier Input Voltage 
Power Dissipation at Ta = 25°C 
Derate at 10mW/C above 25°C 
Power Dissipation at Tc = 25°C 
Derate at 16mW/°C above 25°C 
Thermal Resistance Junction to Ambient 


Thermal Resistance Junction to Case .. 
Operating Junction Temperature... .. 


Storage Temperature 


Note 1: Voltages are referenced to ground, (Pin 16). 
Currents are positive into, negative out of, the 


specified terminals. 


Lead Temperature (Soldering, 10 Seconds) 


CONNECTION DIAGRAM 


5 ede Sos aS eee BESS +20V 

Saekeeteehe seat le ye -30mA 

eis eae ee rN PAI 

sepeis: Hit at -.3V to +20V vo 

Se ogi Senos -.3V to +5V 

AMAL AG oO ois +10mA 

Ra CoRR ORR TE +15mA 

SAa<k pastas teh tee +20V DIV .2/4 

Fs -3V to +10V PHASE DETECTOR 

Se ag tn ey Me fa -.3V to +10V -INPUT 

dicts Se ee -.3V to +5V a 

Fees --3Vto+20V | _ PHASE DETECTOR 

Wail aas ati Make aah ares 1000mW OUTPUT 
DISABLE INPUT 

Behe ce a See ins 2000mWw SENSE AMP. 

INPUT 
Bs Ghee ate 100°C/W coy RE 
shad attest gooey eis 60°C/W 


: 2 LOOP AMP 
i Bae -55° to + 150°C INV INPUT 
Sy gr eines ae ote -65° to + 150°C 
300°C 


UC1635 
UC2635 
UC3635 


GROUND’ 


Osc 
INPUT 
Osc 
OUTPUT 


+Vin 


AUX. AMP. 
OUTPUT 


. AMP. 
AGK AMP ineUT 


ol VARS 


LOOP AMP. 
OUTPUT 


ELECTRICAL (Unless otherwise stated, specifications hold for Ta =0°C to +70°C for the UC3635, -25°C to +85°C for 
CHARACTERISTICS the UC2635 and -55°C to +125°C for the UC1635, +Vin=12V.) Ta=T; 
PARAMETER TEST CONDITIONS 
| Supply Current +Vin=15V 
Reference 
Output Voltage (Vrer) ; 
Load Regulation lout = Oto 7MA 
Line Regulation +Vin = 8 to 15V 2.0 20 mV 
Short Circuit Current Vout = 0V 15 | 35 mA 
Oscillator 
DC Voltage Gain Oscillator Input to Oscillator Output 12 16 20 dB 
Input DC Level (Vis) Oscillator Input Pin Open, TJ = 25°C 1.15 1.3 1.45 Vv 
Input Impedance (Note 2) Vin = Vip + 0.5V, Ty - 25°C 1.3 1.6 1.9 kQ 
Output DC Level Oscillator Input Piin Open, Ty = 25°C 1.2 1.4 1.6 Vv 
Maximum Operating Frequency 10 MHz 
Dividers 
Maximum Input Frequency Input = 1Vpp at Oscillator Input 10 | MHz 
Div. 2/4 Input Current pet = ON tye) : | | Li zee uA 
| Input = OV (Div. by 4) -5.0 0.0 5.0 WA 
Div. 2/4 Threshold 0.5 1.6 2.2 Vv 
Saeed High Level (w/6.8K Load to GND) | 40 | 45 Vv 
Low Level (Open Collector Leakage) 10 pA 


NOTE 2: These impedance levels will vary with Ty at about 1700ppm/°C. 


5-61 


UC1635 
UC2635 
UC3635 


ELECTRICAL (Unless otherwise stated, specifications hold for Ta=0°C to +70°C for the UC3635, -25°C to +85°C for 
CHARACTERISTICS the UC2635 and -55°C to +125°C for the UC1635, +Vin=12V.) Ta=T; 


PARAMETER [rest CONDITIONS 
Sense Amplifier 


| Min. | TvP. MAX. UNITS 


Threshold Voltage 


Percent of Vrer 27 30 33 % . 


10 


Threshold Hysteresis 


3 
< 


Input Bias Current 


Double Edge Disable Input 


Input Current Input =8V (Disabled) 150 | 500 | 
Input =0V (Enabled) -0 | 00 | 50 


Threshold Voltage 0.5 1.6 2.2 


| Phase Detector 


-Input Threshold Detector Responds to Falling Edge 0.5 16 2.2 


-Input Current Input=2.2V 100 250 


pA 
Vv 
Vv 
pA 
Vv 
Low Output Level Negative Phase/Freq. Error 0.2 0.5 Vv 
Mid Output Level Zero Phase/Freq. Error, Percent of Vacr 47 50 53 % 


High Output Level Positive Phase/Freq. Error, Volts Below Vrer 0.2 0.5 


High Level Maximum Source Current Vout=4.3V | 20 | 80 | 
Mid Level Output Impedance (Note 2) lour=-200 to+200uA, Ty=25°C | 45 | 60 | 


Loop Amplifier 
NON INV. Reference Voitage ; Percent of Vrer 47 50 % 
tnput Bias Current Input=2.5V 0.8 -0.2 WA 


AVOL , 60 75 
PSRR ; +Vin=8 to 15V 70 100 
, =0V 
Short Circuit Current SO NONE aS 
Sink, Vout=5V 16 


Auxiliary Op-Amp 


ao 
Qa;a 


Input Offset Voltage : Vom=2.5V 

Input Bias Current WA 
Input Offset Current pA 
AVOL dB 
PSRR +Vin=8 to 15V dB 
CMRR Vem=0to 10V . dB 
Short Circuit Current Source, Nour20y. ” 


Sink, Vout=5V 
NOTE 2: These impedance levels will vary with Ty at about 1700ppm/°C. 


> 


UC1635 . 
UC2635 
UC3635 


Application and Operation Information 
| (For Additional Application information see the UC1633 Data Sheet) 


Phase Detector Input Detail 


5V REFERENCE 


TO LOGIC 
PHASE o Ww 


DETECTOR 
INPUT. 2.2TO5V 


| UC1635 
| 
0TO0.5V 


beie. 


Reference Divider Output Detail 


5V REFERENCE 


FROM LOGIC | DIVIDER 


OUTPUT 
(NOTE) 


NOTE: Master Reference Signal To Phase Detector Of Synchronized Loops. 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. ¢ P.O. 80x 399 ¢ Merrimack, New Hampshire * 03054-0398 
Telephone 603-424-2410 « FAX 603-424-3460 
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aan UNITRODE 


Switched Mode Controller for DC Motor Drive 


FEATURES 
® Single or dual supply operation 


@ + 2.5V to + 20V input supply range 


© + 5% initial oscillator accuracy; + 10% 
over temperature 
¢ Pulse-by-pulse current limiting 


® Under-voltage lockout 


© Shutdown input with temperature 
compensated 2.5V threshold 


© Uncommitted PWM comparators for 
design flexibility 


© Dual 100mA, source/sink output 
drivers 


BLOCK DIAGRAM 


E/A OUTPUT 


UC1637 
UC2637 
UC3637 


DESCRIPTION 

The UC1637 is a pulse width modi.lator circuit intended to be used for a variety of PWM 
motor drive and amplifier applications requiring either uni-directional or bi-directional 
drive circuits. When used to replace conventional drivers, this circuit can increase 
efficiency and reduce component costs for many applications. All necessary circuitry is 
included to generate an analog error signal and modulate two bi-directional pulse train 
outputs in proportion to the error signal magnitude and polarity. 


This monolithic device contains a sawtooth oscillator, error amplifier, and two PWM 
comparators with + 100mA output stages as standard features. Protection circuitry 
includes under-voltage lockout, pulse-by-pulse current limiting, and a shutdown port 
with a 2.5V temperature compensated threshold. 


The UC1637 is characterized for operation over the full military temperature range of 
-55°C to +125°C, while the UC2637 and UC3637 are characterized for -25°C to +85°C 


and 0°C to +70°C, respectively. 


ER- i 
VOLTAGE 


LOCKOUT 


[14] SHUTOOWN 


-Bw +B 
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UC1637 


UC2637 
UC3637 
ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAM 
Supply Voltage (EVs)... 6... 0c eee e eect ee eee e eer e eee e tence eee e eee eeeees +20V 
Output Current, Source/Sink (Pins 4, 7)......-.-- sees cee cee cece eee eee eee nee 500mA Te leer 
Analog Inputs (Pins 1, 2, 3, 8, 9, 10, 11, 12, 13, 14, 15, 16) .... 2... eee ee eee +Vs. 
Error Amplifier Output Current (Pin 17) 2.02.02... 0. c ccc e eee eee eee ener e eee +20mA 
Oscillator Charging Current (Pin 18)... 2.0.2... ce cee cece cence eee ee eee e tee eee -2mA 
Power Dissipation at Ta = 25°C 10.0... .. cc cece eee eee cee rece ene ence eeees 1000mW 
Derate at 1OmW/°C For Ta above 50°C 
Power Dissipation at Tc = 25°C 0.0... cece eee cece eee eee e teen ene eneee 2000mW 
Derate at 16mW/°C for Tc above 25°C 
Thermal Resistance, Junction to Ambient ............. 00 cece eee eee eee eee 100°C/W 
Thermal Resistance, Junction to Case ...... 2. . cece cece cece tence eet e nee eee 60°C/W 
Storage Temperature Range .......... Gh ac AM, Base iacht wre eca easel she slerbeaes -65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds) ........... 0. eee eee cece teen eee e ees +300°C 


Note: 1. Currents are positive into, negative out of the specified terminal. 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for T, = -55°C to +125°C for UC1637; -25°C to +85°C 
for the UC2637; and 0°C to +70°C for the UC3637; +Vs = +15V, -Vs = -15V, +Vru = 5V, -Vrn = -5V, Rr = 
16.7kQ, Cr = 1500pF) TA=Ty 


PARAMETER TEST CONDITIONS 


Initial Accuracy Tj = 25°C 


Voltage Stability hall ar ay iia al Pics ie 


Temperature Stability Over Operating Range 
+Vyu Input Bias Current Ven 2 = 6V 
-Vru Input Bias Current Vewn 2 = OV 


+VrH, -Vin Input Range 
Error Amplifier 
Input Offset Voltage 


Input Bias Current 


fele 
r 
ol 
- 
~l>fs 
gl 
S/R \2 


Input Offset Current 


Common Mode Range Vs = + 2.5 to 20V 


Open Loop Voltage Gain R. = 10K 

Slew Rate i - 15 V/ ps 
Unity Gain Bandwidth 2 mHz 
CMRR Over Common Mode Range 100 — dB 
Output Sink Current Vew 17 = OV 

Output Source Current Vein. 17 = OV 


- 
w 
n 


1 
r s]~ as 
wo} ala al4 
x 
= |S ol|ol|e 
+ 
< 
a 
1 
|x 
a 
a 
Nn 
. 
° 
5 
< 
[ie 
a 
al< 


! 
Ae 2 

a 
w 

' 

Fg 

' 

Ny 

=) 

3/3 

P|> 


High Level Output Voltage 

Low Level Output Voltage 
PWM Comparators 
Input Offset Voltage Vom = OV 
Input Bias Current Vem = OV 
Input Hysteresis Vem = OV 
Common Mode Range Vs = + 5 to + 40V -Vs+1 


t 
is 
> 
@ 

+ 
< 
4 
N 
1 
< 
a 
4, 
oe 
< 
ao 
' 
XY 
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UC1637 
UC2637 
UC3637 


ELECTRICAL CHARACTERISTICS (Unless otherwise Stated, these specifications apply for Ta = -55°C to +125°C for UC1637; ~25°C to +85°C 


for the UC2637; and 0°C to +70°C for the UC3637; +Vs = +15V, -Vs = -15V, +Vtu = 5V, —Vin = -5V, Rr= 
16.7kQ, Cr = 1500pF) Ta=Ty 


cc — 
PARAMETER | TEST CONDITIONS | Peres 7UCsES7: +, ueS6S7 UNITS 
min. | TYP. | MAX. MIN. | TYP. | MAX. 
Current Limit 
Input Offset Voltage Vom = OV, Tj = 25°C mv 
Input Offset Voltage T.C. 
Common Mode Range 
L Shutdown 
Shutdown Threshold (Note 3) -2.3 | ~-2.5 i| “27 4-230) -25 I-27 Vv | 
Hysteresis 40 + 40 mV 
Input Bias Current Vein 14 = +Vs to -Vs -10 | 70.5 [ -10 | -0.5 uA ii 
| Under-Voltage Lockout 
Start Threshold (Note 4) 4.15 [ 5.0 4.15 5.0 Vv 
Hysteresis f 0.25 | I 0.25 mV 
L Total Standby Current 
Supply Current 8.5 15 8.5 15 mA 
Output Section J | I ! | 
len = 20MA -14.9] -13 -14.9 | -13 
CHEESE CPE Isimx = LOOMA -145| -13 “145 -13 . 
Output High Level lsouace = 2OMA 13 ell 13 13.5 Vv 
i tsournce = LOOMA 12 13.5 12 13.5 
Rise Time (Note 2) Cy = Inf, Tj = 25°C 100 | 600 100 | 600 ns 
Fall Time (Note 2) C. = Inf, Tj = 25°C 100 | 300 ~ 100 300 ns 


Notes: 2. These parameters, aithough guaranteed over the recommended Operating conditions, are not 100% tested in production. 
3. Parameter measured with respect to +Vs (Pin 6). 
4. Parameter measured at +Vs (Pin 6) with respect to -Vs (Pin 5). 
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UC1637 
UC2637 
UC3637 


FUNCTIONAL DESCRIPTION 


Following is a description of each of the functional blocks shown 
in the Block Diagram. 


Oscillator . 
The oscillator consists of two comparators, a charging and 
discharging current source, a current source set terminal, Iset, 
and a flip-flop. The upper and lower threshold of the oscillator 
waveform is set externally by applying a voltage at pins +Vryand 


(+V1w) — (Vs) 
1 


1 OV) = CVn 


Vr 


Vi = (CVs) + (3 = (Vs) (Ret *a) 


Ri + Ro + Rs 


“Vau = (-Vs) + (“2 - CVs) ) 
Ry + Ro + Ro 


-Vrn respectively. The +Vru terminal voltage is buffered internally 
and also applied to the Ise terminal to develop the capacitor 
charging current through Rr. If Rr is referenced to -Vsas shown in 
Figure 1, both the threshold voltage and charging current will vary 
proportionally to the supply differential, and the oscillator 
frequency will remain constant. The triangle waveform oscillators 
frequency and voltage amplitude is determined by the external 
components using the formulas given in Figure 1. 


+Vs 


Ry 


UC1637 


“Vs 


Figure 1. Oscillator Set Up 


PWM Comparators 

Two comparators are provided to perform pulse width modulation 
for each of the output drivers. Inputs are uncommitted to allow 
maximum flexability. The pulse width of the outputs A and Bisa 
function of the sign and amplitude of the error signal. A negative 
signal at Pin 10 and 8 will lengthen the high-state of output A and 


OSCILLATOR AV\ 
(PIN 2) 


ERROR 
SIGNAL 
(PIN 17) 


shorten the high-state of output B. Likewise, a positive error signal 
reverses the procedure. Typically, the oscillator waveform is 
compared against the summation of the error signal and the level 
set on Pin 9 and 11. 


UC1637 


Figure 2. Comparator Biasing 


5-67 


MODULATION SCHEMES 
Case.A Zero Deadtime (Equal voltage on Pin 9 and Pin 11) 


In this configuration, maximum holding torque or stiffness and 
position accuracy is achieved. However, the power input into the 
motor is increased. Figure 3A shows this configuration. 


Case B Small Deadtime (Voltage on Pin 9 > Pin 11) 


A small differential voltage between Pin 9 and 11 provides the > 
necessary time delay to reduce the chances of momentary short 
circuit in the output stage during transitions, especially where 
(Pins 8, 11) 
(Pins 11, 9) are 


(A) 


UC1637 
UC2637 
UC3637 


power-amplifiers are used. Refer. to Figure 3B. 


Case C Increased Deadtime and Deadband Mode 
(Voitage on Pin 9 > Pin 11) 


With the reduction of stiffness and position accuracy, the power 
input into'the motor around the null point df the servo loop can be 
reduced or eliminated by widening the window of the comparator 
circuit to a degree of acceptance. Where position accuracy and 
mechanical stiffness is unimportant, deadband operation can be 
used. This is shown in Figure 3C. 


(Ping) ——~—~--—----~----~--— 
1 
pot d Pin 1 
Lt 1 | a ee ( 7 
(iD ise este enrerce ere Paes ta | 
i} L I 
! | i | t 
| 
Aout our [| fore Lt bl | 
| i 1 { 
sce) (mess eam ora 
Bour Bour 


Figure 3. Modulation Schemes Showing (A) Zero Deadtime (B) Deadtime and (C) Deadband Configurations. 


Output Drivers : 

Each output driver is capable of both sourcing and sinking 10OmA 
steady state and up to 500mA on a pulsed basis for rapid 
switching of either POWERFET or bipolar transistors. Output levels 
are typically -Vs +0.2V @ 50mA low level and +Vs — 2.0V @ 50mA 
high level. 


Error Amplifier 

The error amplifier consists of a high slew rate (15V/ys). op-amp 
with a typical IMHz bandwidth and low output impedance. 
Depending on the + Vs supply voltage, the common-mode input 
range and the voltage output swing is within 2V of the Vs supply. 


Under-Voltage Lockout 

An under-voltage lockout circuit holds the outputs in the low state 
until a minimum of 4V is reached. At this point, all internal 
circuitry is functional and the output drivers are enabled. If 
external circuitry requires a higher starting voltage, an over-riding 
voltage can be programmed through the shutdown terminal as 
shown in Figure 4. 


2.5 (Ry + Re) 


1 


Vstaat = 


+Vs 


SHUTDOWN Ri 


~Ve 


Figure 4. External Under-Voltage Lockout 


UC1637 


UC2637 
UC3637 
Shutdown Comparator 
The shutdown terminal may be used for implementing various to either ground or the negative supply. Since the threshold is 
shutdown and protection schemes. By pulling the terminal more temperature stabilized, the comparator can be used as an 
than 2.5V below Vin, the output drivers will be enabled. This can accurate low voltage lockout (Figure 4) and/or delayed start as in 
be realized using an open collector gate or NPN transistor biased Figure 5. In the shutdown mode the outputs are held in the low 
state. 


C1637 


+Vs 


SHUTDOWN 


Vs 


Figure 5. Delayed Start-Up 


Current Limit 


A latched current limit amplifier with an internal 200mV offset is 


the +Vs supply while providing excellent noise rejection. Figure 6 
provided to allow pulse-by-pulse current limiting. Differentiat shows a typical current sense circuit. 
inputs will accept common mode signats from -Vs to within 3V of . 


UC1637 


TWISTED PAIR 


Figure 6. Current Limit Sensing 
| 
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UC2637 
UC3637 


UC1637 


pone ee 


POSITION : 
COMMAND 
VOLTAGE | | 
POSITION FEEDBACK VOLTAGE : 


Figure 8. Single Supply Position Servo Motor Drive 
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INTEGRATED 


CIRCUITS U Cc 17 17 
Stepper Motor Drive Circuit 
FEATURES DESCRIPTION 
© Half-step and full-step capability The UC3717 has been designed to control and drive the current in one winding of a 
® Bipolar constant current motor drive bipolar stepper motor. The circuit consists of an LS-TTL-compatible logic input, a 
© Built-in fast recovery Schottky current sensor, a monostable and an output stage with built-in protection diodes. Two 
commutating diodes UC3717s and a few external components form a complete control and drive unit for 


® Wide range of current control 5-1000mA LS-TTL or micro-processor controlled stepper motor systems. 

® Wide voltage range 10-45V 

© Designed for unregulated motor supply 
voltage 

© Current levels can be selected in steps or 
varied continuously 

© Thermal overload protection 


The UC1717 JP is characterized for operation over the full military temperature range of 
-55°C to +125°C, while the UC3717 is characterized for 0°C to +70°C. 


ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAM 
Voltage 
Logic Supply, Vec 
Output Supply, Vin 
Input Voltage 
Logic Inputs (Pins 7, 8, 9) 
Analog Input (Pin 10) ............. ccc cece scene ees X 
Reference Input (Pin 11) 0.0.0.0... cece ec ce cece ee cee eeueteneeaveceneennce 
Input Current 
Logic Inputs (Pins 7, 8, 9) 


DIL-16 (TOP VIEW) 
JP, N PACKAGE 


Analog Inputs (Pins 10, 11) -10mA 
Output Current (Pins 1,15) 0.0... c eee ee ccc cece cn eee ee ten eeeeecucvenereneennce t1A 
Junction Temperature, T)......... 00.0.0 cece cece eens +150°C 
Thermal Resistance, Junction to Ambient (N Package) 45°C/W 
Thermal Resistance, Junction to Case (N Package) 11°C/W 
Thermal Resistance, Junction to Ambient (JP Package) 45°C/W 
Thermal Resistance, Junction to Case (JP Package) 11°C/W 
Storage Temperature Range, Ts -55°C to +150°C 


Note: 1. All voltages are with respect to ground, Pins 4, 5, 12, 13. 
Currents are positive into, negative out of the specified terminal. 


BLOCK DIAGRAM 


MONOSTABLE 
tore = 0.69 RrCr 


GND 


45 
12.13 [+] 


CURRENT TIMING EMITTERS 
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UC1717 
UC3717 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER ' 
Supply Galeas Vn 
Rise Time. Seetee egetomt inputs, t, 


Fall Time [Fall Time Logic inputs, tr —_| Inputs, tr 


Ambient Temperature, ta 
UC1717 
UC3717 


ALLOWABLE POWER DISSIPATION — (W) 


AMBIENT TEMPERATURE — (°C) 


Figure 1. 


ELECTRICAL CHARACTERISTICS (Over recommended operating conditions unless otherwise stated) Ta=TJ 


Total Saturation Voitage Drop 


TEST 
PARAMETER CONDITIONS UNITS 
Supply Current, lec mA 
High-Level Input Voltage, Pins 7, 8, 9 V | 
Low-Level input Voltage, Pins 7, 8, 9 Vv 
High-Level Input Current, Pins 7, 8, 9 uA 
r Low-Level Input Current, Pins 7, 8, 9 mA 
mv 
Comparator Threshold Voltage Va = 5.0V mv 
mV 
Comparator Input Current wA 
Output Leakage Current += pA 


Tota! Power Dissipation fs = 30kHz | 
Im = 800mA, w 
| fs = 30kHz 
See Figure 5 and 6 
Cut Off Time, torr Vm = 10V us 
ton = Sys 
See Figure 5 and 6 | 
Turn Off Delay, ta Ta = +25°C, US 
_ dVc/dt = 50mV/yus 
Thermal Shutdown Junction Temperature °C ; 
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Vce SAT HIGH (V) 


OUTPUT CURRENT (A) 


Figure 2. Typical Source Saturation Voltage vs Output Current 


POWER DISSIPATION (W) 


0.4 06 
OUTPUT CURRENT (A) 


08 


Figure 4. Typical Power Losses vs Output Current 


FUNCTIONAL DESCRIPTION 


The UC3717 drive circuit shown in the block diagram includes the 
following functions. 


(1) Phase Logic and H-Bridge Output Stage 

(2) Voltage Divider with three Comparators for current control 
(3) Two Logic inputs for Digital current Jevel select 

(4) Monostable for off time generation 


input Logic 
If any of the logic inputs are left open, the circuit will treat it as a 
high level input. 


Phase Input 
The phase input terminal, pin 18, controls the direction of the 
current through the motor winding. The Schmidt-Trigger input 
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Vce SAT LOW (¥) 


0.1 0.5 


OUTPUT CURRENT (A) 


08 


Figure 3. Typical Sink Saturation Voltage vs Output Current 
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CHOPPING FREQUENCY = 


Bour - Aour 
VOLTAGE 
(PIN 1, 15) 


EMITTER 
VOLTAGE 
(PIN 16) 


Figure 5. Connections and Component Values as in Figure 6 


coupled with a fixed time delay assures noise immunity and 
eliminates cross conduction in the output stage during phase 
changes. A low level on the phase input will turn Q2 on and enable 
Q3 while a high level will turn Q1 on and enable Q4. (See Figure 7). 


Output Stage 

The output stage consists of four Darlington transistors and 
associated diodes connected in an H-Bridge configuration. The 
diodes are needed to provide a current path when the transistors 
are being switched. For fast recovery, Schottky diodes are used 
across the source transistors. The Schottky diodes allow the 
current to circulate through the winding while the sink transistors 
are being switched off. The diodes across the sink transistors in 
conjunction with the Schottkys provide the path for the decaying 
current during phase reversal. (See Figure 7). 


UC1717 
UC3717 


MONOSTABLE 
torr = 0.69 RrCr 


TIMING 


EMITTERS 


Reense 


in 


Figure 6. 


PHASE INPUT Qi, 04 _Q2, Q3 

LOW. OFF ON 

HIGH ON OFF 
TABLE 1 


CURRENT LEVEL 
100% 


CURRENT INHIBIT 


Current Control 

The voltage divider, comparators and monostable provide a 
means for current sensing and contro!. The two bit input (lo, 11) 
logic ‘selects the desired comparator. The monostable controls 
the off time and therefore the magnitude of the current decrease. 
The time duration is determined by Rr and Cy connected to the 
timing terminal (pin 2). The reference terminal (pin 11) provides 
a means of continuously varying the current for situations 
requiring half-stepping and micro-stepping. The relationship 
between the logic input signals at pin 7 and 9 in reference to the 
current level is shown in Table 1. The values of the different 
current levels are determined by the reference voltage together 
with the value of the external sense resistor R, (pin 16). 


§-75 


DASHED LINES INDICATE 
CURRENT DECAY PATHS 


| Q3 OFF 


Single-Pulse Generator 
The pulse generator is a monostable triggered on the positive 
going edge of the comparator. Its output is high during the Pulse 
time and this pulse switches off the power feed to the motor 
winding causing the current to decay. The time is determined by 
the external timing components Ry and Cy as: 


tore = 0.69 RrCy 
If a new trigger signal should occur during tore, it is ignored. 


Overload Protection 

The circuit is equipped with a thermal shutdown function, which 
will limit the junction temperature by reducing the output current. 
It should be noted however, that a short circuit of the output is not 
permitted. 


Operation 

When the voitage is applied across the motor winding the current 
rises linearly and appears across the external sense resistor as an 
analog voltage. This voltage is fed through a low-pass filter Re, Cc 
to the the voltage comparator (pin 10). At the moment the voltage 
rises beyond the comparator threshold voltage the monostable is 
triggered and its output turns off the sink transistors. The current 
then circulates through the source transistor and the appropriate 
Schottky diode. After the one shot has timed out, the sink 
transistor is turned on again and the Procedure repeated until a 
Current reverse command is given. By reversing the logic level of 
the phase input (pin 8), both active transistors are being turned 
off and the opposite pair turned.on. When this happens the 
Current must first decay to zero before it can reverse. The current 
path then provided is through the two diodes and the power- 
supply. Refer to Figure 7. It should be noticed at this time that the 


UC1717 
UC3717 


slope of the current decay is steeper, and this is due to the higher 
voltage build up across the -winding. For better speed 
performance of the stepping motor at half step mode, the phase 
logic level should be changed the same time the current inhibit is 
applied. A typical current wave form is shown in Figure 8. 


mam VERT = 200mA/DIV 
HORI. ms/DIV 


Figure 8. 


APPLICATIONS 


Atypical chopper drive for atwo phase bipolar permanent magnet 
or hybrid stepping motor is shown in Figure 9. The input can be 
Controlled by a microprocessor, TTL, LS or CMOS logic. 


+5 +5 
fu le 
8 Va Voc STEPPING MOTOR 
PHASE A Ph 
7 
WA hy Uc3717 ROTOR 
9 
loA lo 
T Cs £ 
2 10 16 
+5 +5 +40 
Is le lk 14 
Fi Va Veo vu. 
PHASE B Ph 
7 
4B h Uc3717 
9 15 
1oB lo Ao 
; : 


Cs 3 
1% «14,5 
: Io 12,13 : 
ia Figure 9. 
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The timing diagram in Figure 10 shows the required signal input 
for a two phase, full step, stepping sequence. Figure 11 shows a 
one phase, full step, stepping sequence, commonly referred to as 
wave drive. Figure 12 shows the required input signal for a one 
phase-two phase stepping sequence called half-stepping. 


The circuit of Figure 13 provides the signal shown in Figure 10, 
and in conjunction with the circuit shown in Figure 9, will 
implement a pulse-to-step two phase, full step, bidirectional 
motor drive. 


«FWD 


“Nn 


UC1717 
UC3717 


The schematic of Figure 14 shows a pulse to half step circuit 
generating the signal shown in Figure 12. Care has been taken to 
change the phase signal the same time the current inhibit is 
applied. This will allow the current to decay faster and therefore 
enhance the motor performance at higher step rates. 


The UC3717 can also be used to drive an external high power 
output stage such as the Unitrode PIC900 hybrid circuit in an 18- 
Pin dual-in-line package. The 5A output of the PIC900 can be 
controlled with as little as 5mA base drive. Using the UC3717 to 
drive the P!C900 provides a uniquely packaged state-of-the-art 
high power stepper motor control and drive. See Figure 15. 


| ——_———_» rev 


Figure 10. Phase Input Signal for Two Phase Full Step Drive (4 Step Sequence) 


i] “FWD 


—————__-» REV 


Figure 11. Phase and Current-Inhibit Signal for Wave Drive (4 Step Sequence) 


lilz|ale|slef7le} 


| —_—___—_—_» Fwo 
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Figure 12. Phase and Current-Inhibit Signal for Half-Stepping (8 Step Sequence) 
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DIRECTION 
REV/FWD 


UC1717 
UC3717 


PHASE A 


PHASE B 


CLEAR 


CLOCK 


Figure 13. Full Step, Bidirectional Two Phase Drive Logic 


+5V 


OIRECTION 
SWITCH 


PHASE A 


PHASE B 


Figure 14. Half Step, Bidirectional Drive Logic 


CONSIDERATION 


Half-Stepping 

In the half step sequence the power input to the motor alternates 
between one or two phases being energized. In a two phase motor 
the electrical phase shift between the windings is 90 degrees. The 
torque developed is the vector sum of the two windings energized. 
Therefore when only one winding is energized the torque of the 
motor is reduced by approximately 30%. This causes a torque 
ripple and if it is necessary to compensate for this, the Va input 
can be used to boost the current of the single energized winding. 


Ramping 

Every drive system has inertia and must be considered in the drive 
scheme. The rotor and load inertia plays a big role at higher 
speeds. Unlike the DC motor the stepping motor is a synchronous 
motor and does not change its speed due to load variations. 
Examining typical stepping motors torque vs. speed. curves 
indicates a sharp torque drop off for the start-stop without error 
curve, even with a constant current drive. The reason for this is 
that the torque requirements increase by the square of the speed 
change, and the power need increases by the cube of the speed 
change. As it can be seen, for good motor performance controlled 
acceleration and deceleration should be considered. 


iron Core Losses 

Some motors, especially the Tin-Can type, exhibit high iron losses 

mostly due to eddy currents which rise in an exponental manner as 
the frequency or step rate is increased. The power losses can not 

be calculated by I?R where | is the chopping current level and R 

the DC resistance of the coil. Actual measurements indicate the 

effective resistance may be many times larger. Therefore, for 
100% duty cycle the current must be limited to a value which will 

not overheat the motor. This may not be necessary for lower duty 

cycle operation. 


Interference 

Electrical noise generated by the chopping action can cause 
interference problems, particularly in the vicinity of magnetic 
storage media. With this in mind, printed circuit layouts, wire runs 
and .decoupling must be considered. 0.01 to 0.1uF ceramic 
capacitors for high frequency bypass located near the drive 
package across V+ and ground might be very helpful. The 
connection and ground leads of the current sensing components 
should be kept as short as possible. 

Ordering Information 

UNITRODE TYPE NUMBER 

UC3717N — 16 Pin Dual-in-line (DIL). “Bat Wing” Package 
UC1717JP — 16 Pin Dual-in-line Power Ceramic Package 
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Figure 15 - UC3717 with L298 Power Amplifier. 
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cCirncuITS 


ae UNITRODE 
Full-Bridge Power Amplifier 


FEATURES 

® Precision Current Control 

© =+800mA Load Current 

© 1.25V Total Vsat at 800mA 

* Controlled Velocity Head Parking 


® Precision Dual Supply Monitor with In- 
dicator 


* Limit Input to Force Output Extremes 
* = Inhibit Input and UVLO 
© 4V to 15V operation 


BLOCK DIAGRAM 


UC3174 
UC3175 


PRELIMINARY 


DESCRIPTION 


These full-bridge power amplifiers are rated for continuous output current of 0.8 Amperes 
and are intended for use in demanding servo applications such as head positioning for 
high-density disk drives. Both of these devices include a precision current sense amplifier 
that provides accurate contro! of ioad current. The UC3174 is designed for ground 
referenced current sensing using the device's Current Sense pins, while the UC3175 is 
optimized for sensing current with a single resistor in series with the ioad. These power 
amplifiers have a very low output saturation voltage and will operate down to 4V supply 
levels. Power output stage protection includes current limiting and thermal shutdown. 


Auxiliary functions on this device include a dual-input under-voltage comparator, which can 
monitor two independent supply voltages and force a built-in head park function when either 
is below minimum. When activated by either the UV comparator, or a command at the 
separate PARK input, the park circuitry will override the amplifier inputs to convert the power 
outputs to a programmable constant voltage source which will hold regulation as the supply 
voltage falls to below 3.0 Volts. Added features include a POWER OK flag output, a LIMIT 
input to force the drive output to its maximum level in either polarity, and a over-riding 
INHIBIT input to disable all amplifiers and reduce quiescent supply current. 


This device is packaged in a power PLCC surface mount configuration which maintains a 
standard 28-pin outline, but with 7 pins along one edge allocated to ground for optimum 
thermal transfer. 
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20 
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Limit [5] qf > PRHYE m OUTPUT OUTPUT 
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* UC3175 VALUES IN ()'s 
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ABSOLUTE MAXIMUM RATINGS 


input Supply Voltage, (+Vin,+Vc) 2.0.0... ee, 20V 
UV Comparator, and Digital Inputs ; 

maximum forced voltage .............. - 0.3V to 10V 

maximumforced current... ................#10MA 
C/S Inputs 

maximum forced voltage .............. — 0.3V to 20V 
AandBAmplifierInputs .........0...0., —0.3V to +Vin 
Open Collector Output Voltages ...............0.., 20V 
A and B Output Currents (continuous) 

SOURCE OM Re a Pe Internally Limited 

SUK Seed, pete hace eee hela y RUNG Uh wee git tated ot ad un, 1.0A 
Parking Drive Output Current 

continuous ©... ee 150mA 

PUISEd) esti s ee ak aly eon is A eager eee a we 1A 
Output Diode Current (pulsed) 2... 1A 
Power OK Output Current(continuous) ........0..4. 30mA 
Operating Junction Temperature... 2.0.20... -55°C to +150°C 
StorageTemperature ...........,..04, -65°C to +150°C 


NOTE: Unless otherwise indicated, voltages are referenced to ground 
and currents are positive into, negative out of, the specified terminals, 
"Pulsed" is defined as a less than 10% duty cycle pulse with a maximum 
duration of 500us. 


UC3174 
UC3175 


CONNECTION DIAGRAM 
QP Package (Top View) 


uv uv C/S Park 
2 INH +Vin Out Drive Park 


119] B Cur Sen 


HEAT DISSIPATION PINS 


THERMAL DATA 

QP Package: 

Thermal Resistance Junction to Leads, 04 15°C/W 
Thermal Resistance Junction to Ambient, ya 40°C/W 


(See packaging section of UICC data book for more details on 
thermal performance) 


ELECTRICAL Unless otherwise stated specifications 
CHARACTERISTICS: apply for 0°CsTas70°C,+Vin=12V,+Vo=+Vin, A+/REF INPUT=6V. Ta=T; 
PARAMETER TEST CONDITIONS MIN. TYP. MAX. | UNITS 
INPUT SUPPLY 
+Vin Supply Current Tau amplifier outputs=6V | 35 | 42 mA 
+Ve Supply Current [lout=0A 4 1 ; mA 
+Vin UVLO Threshold low to high 2.8 3.0 | .v 
UVLO Threshold Hysteresis i 200 L mV | 
UNDER VOLTAGE (UV) COMPARATOR a 
Input Bias Current -1.5 0.5 HA 
UV Thresholds " | low to high, other input=5V 1.48 1.50 | 1.52 | Vv 
UV Threshold Hysteresis 15 25 40 mV 
PWR OK Vsat ieacene | 0.45 | Vv 
PWR OK Leakage : Vout=20V L | 5 | wa 
POWER AMPLIFIERS A and B 7 | 
Input Offset Voltage Vem=6V, A amplifier | 8 | mV 
B Amplifier 12 mV 
Input Offset Drift | Note 1,A amplifier only i 25 wV/?C° 
Input Bias Current Vem=6V, except A+/REF input -500 -150 nA 
Input Offset Current Venza. B amplifier only 200 | nA 
Input Bias Current at A+/Ref Input (A+/Ref-C/S+)/36K, TJ=25°C, UC3174 Only 23 28 35 | WAN’ | 
(A+/Ref-C/S+)/1 2K, Tj=25°C, UC3175 Only 69 84 105 uA . 
| Differential Sense Error Current [Note 2, IL=5mA { -500 | 500 pA 
IL=500mA | 3 8 mA 
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UC3174 


UC3175 | 
ELECTRICAL Unless otherwise stated specifications apply for 0°CsTas70°C,+Vin=12V,+Vc=+Vin, A+/REF 
CHARACTERISTICS: INPUT=6V. Ta=Tj 
PARAMETER * "| TEST CONDITIONS “MIN. | TYP. | MAX. | UNITS 
POWER AMPLIFIERS A and B (Cont.) 
CMRR Z | tVsVemstov 70 | 90  ) ae 
PSRR +Vin=4V to 15V, Vem=1.5V 70 | 90 dB 
Large Signal Voltage Gain 2 ey eon a 3.0 15.0 Vim 
Slew Rate : [Note 1 L 1 i Vius 
Unity Gain Bandwidth Note iA ainpllfiet é [_ 2 
Note 1, B amplifier 1 | MHz 
Lpistrsie. Current Limit 0.8 | 1.0 A | 
High-Side, lsource=250mA | L 0.7 | Vv | 
High-Side, lsource=800MA 0.85 | L Vv 
Output Saturation Voltage Low-Side, tsink=250mA 0.3 Vv 
Low-Side, Isink=800mA é 0.4 Vv 
Total, lout=250mA “| 1.0 | 12 [| Vv 
Total, lout=800mA 1.25 1.6 Vv 
High Side Diode Vf Id=800mA, Inhibit activated 1.0 | Vv 
Low Side Diode Vf Id=800mA, Inhibit activated an 10 | Vv 
CURRENT SENSE AMPLIFIER ; = 
Input Offset Voltage ony -| 1 st at my 
| Vem=0V, UC3174 only i 5.0 | ae 
Input Offset Change with Ref Input [2VsA+/Rets1 OV, UC3174 only | 500 uViV 
lhe seretrce a OVsVorns12V, UC3175 only 1500 | »V/V 
Input Offset Drift Note 1 | 8 VPC | 
Voitage Gain —0.5VsVdiffs+0.5V, Vem=0V, UC3174 only 7.8 7.9 8.0 Vv 
[etovevalttae 1 Ov) Memaey, Whol ony 1.95 2.00 2.05 Vv 
Output Saturation Voitage LoweSigenleinke loi OB oh 
| High-Side, lsource=1.5MA | 0.4 0.7 v 
Volts below +Vin, C/S+ & C/S- = Boutput Max @ 
Maximum A+/Ref Input 10mA output current, +Vin = 4.5V, UC3175 only, 26 3.0 Vv 
C/S VIO sSmV | | 
PARKING FUNCTION 
Park Input Threshoid ] ] 0.7 14 | 1.7 Vv 
Park Input Current Park Input=1.7V | { 60 100 pA 
Park Drive Saturation Voltage, PDvsat Isink=50mA 0.3 0.5 Vv 
Parking Drive Leakage Vout=20V. | , 100 WA 
| Amplifier A Aux Input Bias Current | -500 -150 nA 
[Amplifier A Saturation Voltage, Auvsat | lsource=50mA, +Vin=3V 0.65 0.8 Vv 
Regulating Voltage at Park Volts | ‘ 1.47 1.50 1.53 
Minimum Parking Supply Voltage Anvsat + PDvsat s1.3V @ 50mA | 1.7 1.9 | Vv | 
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| | UC3175 
| ELECTRICAL Unless otherwise stated specifications apply for 0°CsTas70°C,+Vin=12V,+Vo=+Vin, A+/REF 
CHARACTERISTICS: INPUT=6V. Ta=T) 
PARAMETER TEST CONDITIONS | MIN. TYP. [ MAX, | UNITS | 
AUXILIARY FUNCTIONS 
Limit Input Low Voltage je oureut Forced Low | 0.7 ii 0.8 | | Vv | 
Limit Input High Voltage A Output Forced High L 2.2 2.3 Vv | 
| Limit Inactive 1.2 z| 1.8 [ Vv 
Vv 


Limit Open Circuit Voltage 


Limit input Resistance _{1.2VsLimit Inputs1.8V 

Inhibit Input Threshold | | 0.7 1.1 1.7 Vv 

Inhibit Input Current Inhibit Input = 1.7V 400 700 HA 
Supply Current when Inhibited The sum of +Vin and +Ve currents | 2 6 mA 
| Thermal Shutdown Temperature | 165 | ‘C 


NOTES: 
1:This specification not tested in production. 


2:This specification is a measure of the accuracy of the differential current sense scheme using the Current Sense pins of the UC3174. The 
error current specified is defined as Icsa-Icsp-I., where Icsa, and lcse, are, respectively, the currents out of the A, and B current sense pins, 
with a load current, Ic, flowing out of the B and into the A amplifier outputs. Similarly, the error current is measured as losp—lesa-Ic, with Ie 
flowing from A into B. : 


UC3174 GROUND-REFERENCED CURRENT SENSING 


For maximum voltage swing, Pin 23 should 
see +Vin/2. If Vref at PIN 8 is at this level, 
then the divider is not necessary and PIN 
23 can also be connected to the Vref input. 


10K 


6. te — AFB 
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Pins 
"n 


5-83 


UC3174 
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UC3175 SERIES CURRENT SENSING 


42V 
4 SUPPLY 


_tL ___RFB 
VS — (RFA*2*RS) 


Go= 


Vref 
Input 


Seitage? CURRENT SENSE 


AMPLIFIER 


UCS3I75 


PARKING FUNCTION 


NOTES: 

1.Parking voltage = 1.5V*(Ri+Re2)/Re — (IL*Rp) 
2.Re is optional for current limiting. 

3.INHIBIT and PARK Inputs are active high. 
4.PWR OK is low on power failure. 


ALL 
AMPLIFIERS 
DISABLED 


Pins 12-18 


Unitrode Integrated Circuits Corporation 
7 Continental Boutevard. « P.O. Box 399 * Merrimack, New Hampshire ¢ 03054-0399 
Telephone 603-424-2410 ¢ FAX 603-424-346D 
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CIRCUITS Sena 
eee UNITRODE 
FULL BRIDGE POWER AMPLIFIER UC3177 
FEATURES DESCRIPTION 
® Dual Power Operational Amplifiers The UC3176/7 family of full bridge power amplifiers is rated for a continuous output cur- 
© +2A Output Current Guaranteed rent of 2A. Intended for use in demanding servo applications such as disk head positioning, 


the onboard current sense amplifier can be used to obtain Precision control of load current, 


* Precision Current Sense Amplifier or where voltage mode drive is required, a standard voltage feedback scheme can be used. 


© Two Supply Monitoring Inputs Output stage protection includes foldback current limiting and thermal shutdown, resulting 
© Parking Function and Under-Vottage in a very rugged device. : 
Lockout 


© SafeO ting Area P ti Auxiliary functions on this device include a dual input under-voltage comparator that can be 

ate Operating Area Protection programmed to respond to low voltage conditions on two independent supplies. In response 
® 3V to 35V Operation to an under-voltage condition the power Op-Amps are inhibited and a high current, 100mA, 
open collector drive output is activated. A separate Park/Inhibit logic level input is also avait- 
able to force this state. The above functions are easily combined to provide a head parking 
function in disk head positioning applications. In addition, on the UC3177 device a separate 
supply OK output is available to distinguish between a supply fault and a Park/Inhibit com- 
mand input. 


The devices are operational over a 3V to 35V supply range. Internal under-voltage lockout 
provides predictable power-up and power-down characteristics. The parts are packaged in 
the 15 pin Multiwatt package with a maximum Gjc of 3°C/Watt. For lower power applica- 
tions a surface mount 28 pin PLCC package is available. Consult packaging section of 
catalog for package details. 


CONNECTION DIAGRAMS 


MULTIWATT 15-PIN V(VH) PACKAGE (TOP VIEW) POWER 28-PIN Vin 
PLCC(QP) BOUTPUT GND 
CARING PACKAGE ais (SENSE) AQUTPUT 
B + INPUT (UC3176 ONLY)* (TOP VIEW) ote Alen Orne) 
B -— INPUT 
Bisink NC AlsINK 
B OUTPUT NC NIC 


CURRENT 
F 


A + INPUT/REFERENCE INPUT PARK/INHIBIT 
CURRENT FEEDBACK : 
Uv 2 PARKING DRIVE 
U1 12.1314 15 16 17 (18 


BPNWHOAANDWO 


6 


* PIN 13 IS SUPPLY OK OUTPUT ON UC3177 PONG oa eae 
TAB IS CONNECTED TO PIN 8 GND (HEAT FLOW PINS) UC3177, SUPPLY OK 
BLOCK DIAGRAM 
A OUTPUT B OUTPUT 
A ~ INPUT B — INPUT 
REFERENCE INEUL “A’INHIBITS HIGH = “B” INHIBITS TRI-STATE : Ucai7e ONLY 


PARKING 

ORIVE 
CURRENT 

FEEDBACK 


x8 CURRENT SENSE 
AMPLIFIER 
PARK/INHIBIT 


UVLO | 15V REF 


UNDER-VOLTAGE 
SUPPLY OK COMPARATOR 


(UC3177 ONLY) 


+ Vin GND 
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ABSOLUTE MAXIMUM RATINGS (note 1) 


Input Supply Voltage, (+VIN) 00.00 ee es 40V 
Park/Inhibit, UV1 and UV2 inputs (zener clamped) 

Maximum forced voltage 60. 0. i eee ~0.3V to 10V 

Maximum forced current ...... whet d iin h BRULEE ENED MeN R EME. oes +10mA 
Other Input Voltages... 660 ees -0.3V to + Vin 
Alsink and Blsink Voltages. ©... ees -0.3V to 6V 
Open Collector Output Voltages 00.0066 e es 40V 
Aand B Output Currents (Continuous) 

SOURCE! Mik sph rote Lae Lain RE bat RURAL ees ORD EGG Internally Limited 

SHANE ce cccks bo co dhcnccsl oe DORE TD PA ABAD AE Bs gh EIEN PEES BABAR EIN 2.5A 
Total Supply Current (Continuous) ....-........ toed pi etyiadld Toa yO anaaraninciodanten 1g 4A 
Parking Drive Output Current (Continuous)... 2... 2... eee eee 200mA 
Supply OK Output Current, UC3177 (Continuous) .......... 66.622 eee 30mA 
Operating Junction Temperature... 00.6.0. 6 eee -55°C to +150°C 
Power Dissipation at Tc =-+75°C ~ 

Nipackag@ss. 605.456 sig deat GPRS SHEERS OUI AP Pace kal Se Aree 25W 

QP package «0... Eee eee 4W 
Storage Temperature... 0.0... eee ee —65°C to + 150°C 


Note 1: Unless otherwise indicated, voltages are reference to ground and currents are positive 
into, negative out of, the specified terminals. 


THERMAL DATA 
V package: 
Thermal Resistance Junction to Case, Oc... . 62 eeeee 3°C/W 
Thermal Resistance Junction to Ambient, Gja ERG qin ne aanle RAE eR EIS 35°C/W 
QP package: 
Thermal Resistance Junction to Leads, jc... . 6.0 en eee 15°CW 
Thermal Resistance Junction to Ambient, Ojg ...... 6.20. 50°C/W 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated specifications hold for T, = 0 to 70°C, 


+Vin = 12V. Ta=Ty 


UC3176 UC3177 


PARAMETER TEST CONDITIONS us| re, | MAX. ES 
Input Supply ’ 
Supply Current an zi a) 2 iv 
UNS thiestels aren eae Pox lise Sav 


Power Amplifiers, A and B 


Input Offset Voltage Vem = §V, Vout = 6V 


Input Bias Current Vom = 6V, Except A+ input 
(A+/Ref - Blsink)/36Kohms 


Tj = 25°C 


{nput Bias Current at 
A+ /Reference Input 


Input Offset Current 
B Amp Only on UC3176 


CMRR Vem = 1 to 33V, +Vin = 35V, Vout = 6V 


PSRR +Vin = 5 to 35V, Vom = 2.5V 


Large Signal Vout = SV W/Iout = 1A, to 
Voltage Gain Vout = 9V W/lout = -1A 
Thermal Feedback #¥in' = 20M. Pd = 20W at 
opposite output 
lout = —2A, High side, Tj = 25°C 
Saturation Voltage lout = 2A, Low side, Tj = 25°C 


Total Vsat at 2A, Tj = 25°C 


Unity Gain Bandwidth 


Slew Rate 
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UC3176 UC3177 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated specifications hold for Ty = 0 to 70°C, 
+Vin = 12V. Ta=Ty 


PARAMETER z TEST CONDITIONS if MIN. TYP. MAX. wus 


Power Amplifiers, A and B (continued) 


F i lout(A) = -lout(B), 
riheliai Nout! ~ /Alsink -Blsink/ 
nse Error Current lout < 200MA 30 6.0 mA 
in Bridge Configuration he eon ‘ CS Ri a 
oul . 
High Side Current . 
Limiting ; +Vin - Vout < 12V -2.7- ney A 
Current Sense Amplifier r 
~ | Vom = OV, A+ /Ref at 6V 3 mV 
Input Offset Voltage Ref = 2V to 20V, +Vin = 35, 
change with Reference 600 pViV 
input voltage 
Thermal Gradient +Vin = 20V, Ref = 10V 
Sensitivity Pd = 20W @ Aor B output 20 a alas 
PSRR Ref = 2.5V, +Vin = 5 to 35V 70 100 dB 
Gain | 7Alsink —Blsink! < 0.5V 78 8 81 | VV 
Stew Rate 2 VipS 
3dB Bandwidth 1 . MHz 
Max Output Current Isource: +Vin-Vout = 0.5V 2.5 3.5 mA 
Output Saturation lsource = 1.5mA, High side 0.15 0.30 Vv 
source : 
Voltage Isink = 5mA, Low side : 14 17 Vv 
Under-Voltage Comparator 
Threshold Voltage Low to High, other input at 5V 1.44 1.50 1.56 Vv 
Threshold hysteresis 50 70 80 mv 
Input Current Input = 2V, other input at 5V -2 ~0.5 yA = 
Supply OK Veat lout = 5MA ; 045 |v 
UC3177 Only out ’ 
Supply OK Leakage = | 
UC3177 Only Vout = 35V > HA 
Park/Inhibit 
Park/Inhibit Thi’d 11 13 17 Vv 
Park/Inhibit Input At threshold 60 100 A 
Current 
Parking Drive _ 
Saturation Voltage lout = 100mA 3 ot ¥ 
Parking Drive Leakage ai Vout = 35V | 15 uA 
Thermal Shutdown i 
Shutdown Temperature ii L 165 L_ “| °¢ 
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SATURATION VOLTAGE — VOLTS 


Output Saturation Voltage 
vs Current 


LAY YY TP 


0 02 0406 08 1 12 14 16 18 2 
OUTPUT CURRENT — AMPS _ 


MAXIMUM OUTPUT SOURCE CURRENT 


Crossover Current Error 


Characteristic 


CONFIGURED FOR 
A TRANSCONDUCTANCE 


N\ GAIN, 'LOAD = 1 AMP/VOLT 


Vs 
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UC3176 UC3177 


Maximum Source Current 
VS +Vin — Vout 


+Vin - Vout — VOLTS 


UC3176 UC3177 


APPLICATION AND OPERATION INFORMATION 


— 


THE UC3176 IN A FULL BRIDGE TRANSCONDUCTANCE AMPLIFIER 


COMPENSATION, - 
NEED IS DEPENDENT 
ONLOAD ~ 


i 
aa 
| 


n 


PARKING 1 
DRIVE 


SIGNAL 
REFERENCE © 
INPUT 


SUPPLY SUPPLY 
: ; 2 1 


x8 CURRENT SENSE 
AMPLIFIER 


PARK/INHIBIT PARK/INHIBIT 


CONTROL 
| Vec 
| 
(eae = Re 
INPUT SUPPLY ~ - 
(+ Vin) 
WAVEFORMS FOR ABOVE APPLICATION DESIGN EQUATIONS 
Vp 
eee ON iO corr eR: (ats 
i _Vp Transconductance (Go) Rg ~ Bri 8Ag 


With: Rea = Rgp = Re and Rey = Rao 


‘ 4 < y : — oe Vin - 1.5 
Parking Current (Ip) = ih 


Vp * Go Rp + Ri 
2 Where: R__ = load resistance 
la A A : —— Vp * Go Under-Voltage Thresholds, at Supplies 


High to Low Threshold, (Vy) = 1.425 (Ra + Rp)/Re 
Low to High Threshold, (Vi) = 1.5 (Ra + RpyRp 


Be 


Unitrade Integrated Circuits Corporation 


7 Continental Boulevard. ¢ P.O. Box 399 * Merrimack, New Hampshire ¢ 03054-0399 
Telephone 603-424-2410 ¢ FAX 603-424-3460 
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INTEGRATED 
CIRCUITS 


ae UNITRODE 


UC3622 


Switchmode Driver For 3-@ Brushless DC Motors 


FEATURES 


¢ 2A Continuous, 3A Peak Output Current 
@ 8V to 40V Operation 


@ Fixed-Frequency Pulse-Width 
Modulation for Servo Applications 


e TTL Compatible Hall Inputs 

® Pulse-by-Pulse Current Limiting 

@ Internal Thermal Shutdown Protection 
@ Under-Voltage Lockout 

® 15 Lead, 25W Multiwatt® Package 

* 24 Lead, 25W Power Ceramic Dil 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage, Vee 
Output Current, Source or Sink 


Non-Repetitive (t = 100usec), lo ......... 
Repetitive (80% on - 20% off; ton = 10ms) . 


DC Operation .. 
Analog Inputs..... 


LORI NDUIS ou os ian eae ae OF bea She devote eee y 
Total Power Dissipation (at Tcase = 75°C)... 
Storage and Junction Temperature.......... 


DESCRIPTION 


The UC3622 is a brushless DC motor driver capable of decoding and driving all 3 
windings of a 3-phase brushless DC motor. In addition, an on-board oscillator and 
latched PWM comparator provide the necessary circuitry for implementing a fixed- 
frequency, pulse width modulated servo amplifier. Full protection, including thermal 
shutdown, pulse-by-pulse current limiting, and under-voltage lockout aid in the 
simple implementation of reliable designs. Both conducted and radiated EMI have 
been reduced by limiting the output dv/dt to 150us for any load condition. 


The UC3622 will decode and drive.all 3-phase motors with hall decode schemes 
compatible with Table 1. All other schemes can be decoded with the additional of a 
single external inverter. This product is available in military versions. 


THERMAL DATA 


nied ani wae 40V Thermal Resistance Junction-Case, jc ........... 3°C/W Max 
Thermal Resistance Junction-Ambient, Ga....... 35°C/W Max 

Pach peetoren 3A 

spel cud eet oe 2.5A 


Mieuceaneacns 4% 25W 
-40°C to +150°C 


Note: 1. All voltages are with respect to ground, pin 8. Currents are 
positive into, negative out of the specified terminal. 


BLOCK DIAGRAM 


: 


U. Vv. LOCK 
THERM. S.D. 


DECODE 


tNHIBIT LOCK DIR Ha He He EMITTERS 
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UC3622 


1 


STANDARD PACKAGES CONNECTION DIAGRAM (TOP VIEW) 


V Package VH Package 


Cour 

Bout 

DIRECTION 
Ic 


Rr/Cr 
VconTROL 
ISENSE 

co 
Aout. 
EMITTERS. 


TAB CONNECTED TO PIN 8& 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = 0°C to 70°C; Vecipin 3) = 20V, Ry = 47k, 
Cr = .O15uF) TA=TJ 


PARAMETER TEST CONDITIONS [own [| ove. | max. [oun 
PWM Comparator Section 
Input Offset Voltage 


Oscillator Section 


Initial Accuracy Tj = 25°C 
Temperature Stability Over Operating Range 


Ramp Valley 


Decoder Section 


High-Level Input Voltage 


Low-Level Input Voltage 0.8 


10 


High-Level Input Current 


Low-Level Input Current 


Output Section 


Output Leakage Current | Vec = 40V ag 500 uA 
Vr, Schottky Diode | to= 2A 15 ae 2.0 V 


| Total Output Voltage Drop lo = 2A, Note 3 3.0 3.6 
RL=440 
RL=440 


Output Rise Time ns 


ns 


| Output Fall Time 


Under-Voltage Lockout 
Start-Up Threshold 
Threshold Hysteresis 


| 8.0 
| 


0.5 


Thermal Shutdown 

Junction Temperature 
Total Standby Current . 
Supply Current | [ 32 55 


Notes: 2. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 
3. The total voltage drop is defined as the sum of both top and bottom side driver. 


150 180 aC 


mA 
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TABLE 1 


UC3622 


STEP |INHIBIT; DIR 


= 
c 


x 
6 


1 


a 


bent 
=x 


2 


Fer rh ph 


DIA PlLWL Mle | A) oo] Pl wry 


FPIOLOSO/OSOSO;OJSOlsOs;oOsoO 


KL Rl lOlO}O]R/OlR [Re fRrPlol|o 


Dee Ee ee ee ee ele Bell Ell Bal 


KIX RLOLOLOlR IR lO;O]RPlRe|Rlo 


Oo 


js |el[rj/rje;LlpLlTyLlsejerjer 
SIS (Li Lig iT [CH l[s so /ryHjelyT 
- l/s jr l|e 


oO 


Hm 1X1 KIOLOLOLOLOLO RP le le yRieE 


H = HIGH OUTPUT 


CIRCUIT DESCRIPTION 


The UC3622 is designed for implementation of a compiete 3- 

‘phase brushless DC servo drive using a minimum number of 
external components. Below is a functional description of each 
major circuit feature. 


DECODER 


Table 1 shows the logic scheme employed to decode and drive 
each of three high current, totem pole, output stages. A for- 
ward/reverse signal, Pin 13, is used to provide direction. At any 
time, one driver is sourcing, one driver is sinking, and the remain- 
ing driver is off or tri-stated. Pulse width modulation is accomp- 
lished by chopping al! drivers during current control 
(fixed-frequency PWM), producing a four-quadrant, regenerative 
mode drive. Controlled output rise and fall times help reduce 
electrical switching noise while maintaining relatively small 
switching losses. 


HALL INPUTS 


The Hall input pins (#10, 11, 12) are not provided with internal 
pull-up resistors. If these are required for the Hall devices, they 
must be added externally. 


CURRENT LIMIT 


Referring to Figure 1, emitter current is sensed across Rrimit and 
fed back through a low pass filter to the current sense, Pin 4. This 
filter is required to eliminate false triggering of the monostable 
due to leading edge current spikes. Actual filter values, although 
somewhat dependent on external loads, will generally be in the 1k 
and 1000pF range. An internal 0.3V reference voltage limits the 
motor current to 


0.3 


{max = 
Rumit 


= LOW OUTPUT ¢ = OPEN (TRISTATE) OUTPUT 
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TIMING 
An RC circuit at Pin 6 is used to set the PWM frequency, as shown 
in Figure 2. The frequency is determined by the formula 


2.27 Ry Cy 
Note: Rr should be chosen so that 


[Hz] 


Voge - 2.27 


50uA < 
7 2.27 Ry 


<1lmA 


INHIBIT 


The INHIBIT input (Pin 9) must be low during normal operation. A 
high level at this pin forces all three outputs to the open state, and 
can be used to allow the motor to coast. 


LOCK 


A low level at LOCK (Pin 7), together with a low level at INHIBIT, 
sets the following output condition: 


Aout - - ----- HIGH 
Bout —------ OPEN 
Cout -—------ LOW 


This can be used as part of a circuit intended to force the motor 
shaft to a desired parking position. 


PROTECTION FUNCTIONS 


Protective functions including under-voltage lockout, peak cur- 
rent limiting, and thermal shutdown, provide an extremely rugged 
device capable of surviving under many types of fault conditions. 
Under-voltage lockout guarantees the outputs will be off or tri- 
stated until Vcc is sufficient for proper operation of the chip. 
Current limiting limits the peak current for a stalled or shorted 
motor, whereas thermal shutdown will tri-state the outputs if a 
temperature above 150°C is reached. 


UC3622 


APPLICATION MATERIAL 


U. Vv. LOCK 
THERM. S.D. 


Vcommann VcONTROL 


HALL 
SENSORS 


EMITTERS 


FORWARD/REVERSE ba 
O 


Ruwit _ PULL-UP 
RESISTORS 


Figure 1. Open Loop Speed Control with Current Limiting 


Vose Viv = 3.57V 
Rr oe ra a a 
: PIN 6 Paes | 
cr ene Sens ee 
i oe 
= Vre = 1.30V 


Figure 2. PWM Oscillator Waveform 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. ¢ P.O. Box 399 ¢ Merrimack, New Hampshire ¢ 03054-0399 
Telephone 603-424-2410 ¢ FAX 603-424-3460 mga 


= UNITRODE ea 
Low Noise Switchmode Driver For 


3-@ Brushless DC Motors 


FEATURES DESCRIPTION 
© 1A Continuous, 2A Peak Output Current 


[LJ] INTEGRATED U C3 623 


Designed specifically for noise-sensitive environments, the UC3623V monolithic driver 


# BV to 40V Operation IC offers the high efficiency of a chopper drive and the low EMI attainable with 
@ Internal High Gain Amplifier ‘for Servo controlled output slew rates. 
Applications The UC3623 is a brushless DC motor driver capable of decoding and driving all 3 
.© TTL Compatible Hall Inputs : windings of a 3-phase brushless DC motor. In addition, an on-board current comparator, 
© Mask Programmable Decode Logic oscillator, and high gain Op-Amp provide all necessary circuitry for implementing a high 


performance, chopped mode servo amplifier. Full protection, including thermal 


* Pulse-by-Pulse Current Limiting - shutdown, pulse-by-pulse current limiting, and under-voltage lockout aid in the simple 


¢ Internal Thermal Shutdown Protection implementation of reliable designs. Both conducted and radiated EMI have been greatly 
 Under-Voltage Lockout reduced by limiting the output dv/dt to 150V/us for any load condition. 

e 15 Lead, 25W Multiwatt® Package The UC3623 offers standard 120 electrical degree. Hall decoding per Table 1. 
ABSOLUTE MAXIMUM RATINGS (Note 1). , THERMAL DATA 

Supply Voltage, Veo .... 0. cece cence eae usenet lac see 40V Thermal Resistance Junction-Case, 6jc ........... 3°C/W Max 
Output Current, Source or Sink Thermal Resistance Junction-Ambient, Ga....... 35°C/W Max 


Non-Repetitive (t = 100usec), lo ........ cee cece cea 
Repetitive (80% on - 20% off: ton. = 10ms) . 
DC Operation: sccscwseieciiacus canes bendawelcheneae 


Analog Inputs...............0000ee eer Weg -0.3 to +Vec 
ee Logic Inputs ............0. 0c cece eee ee Sete es -0.3 to +Vec 
“ge Total Power Dissipation (at Tcase = 75°C)............... 25W 

Storage and Junction Temperature.......... -40°C to +150°C 


:Note: 1. All voltages are with respect to ground, pin 8. Currents are 
: positive into, negative out of the specified terminal. 


BLOCK DIAGRAM 


TIMING Vcc 


THERMAL 
ISHUTDOW! 


UNDER- 
VOLTAGE 
LOCKOUT 


GND ISENSE FWD/REVERSE HA HB HC EMITTERS 
HALL INPUTS 


UC3623 
MECHANICAL DATA CONNECTION DIAGRAM (TOP VIEW) 


V Package . VH Package 


Bour 
Cour. 
FWD/REV 
He 

Hb 

Ha 
TIMING 
GND 


oa 
ae 
% 
‘, 


a ae 


\lsENgE | 
COMPENSATION 
-E/A 

+E/A 

Voc 

Aout 

EMITTERS 


TAB CONNECTED TO PIN 8 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = 0°C to 70°C; Vecipin 3) = 20V, Rr = 10k, 
Cr = 2.2nF) Ta=Ty 


PARAMETER "TEST CONDITIONS | omin. =| Tye. MAX. UNIT 
Error Amplifier Section ; 
Input Offset Voltage 


F input set Current SSSCSCSS*SY 


Current Sense Section 


Input Bias Current 


Internal Clamp 


Divider Gain 


Internal Offset Voltage 


Timing Section 
Upper Mono Threshold 

Decoder Section 

High-Level Input Voltage 


Low-Level Input Voltage 


High-Level {nput Current 
Low-Level Input Current 


Output Section 
Output Leakage Current 
Ve, Schottky Diode 

Vr, Substrate Diode 
Total Output Voltage Drop 


Output Rise Time 
Output Fall Time 


Notes: 2. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 
3. The total voltage drop is defined as the sum of both top and bottom side driver. 
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UC3623 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for T, = 0°C to 70°C; Vec(PIN 3) = 20V, Ry 10k, 
Cy =2.2nF) Ta=Ty 


PARAMETER TEST CONDITIONS 
Under-Voltage Lockout 
Start-Up Threshold 
Threshold Hysteresis 
Thermal Shutdown 
Junction Temperature 
Total Standby Current 
Supply Current 


TABLE 1 


TYPICAL APPLICATIONS 


UC3623 


THERMAL 
MUTDOW! 


UNDER- 
VOLTAGE 
LOCKOUT 


{3 ee 


Fwor | REVERSE 


FWD/REVERSE 
oO 


3-¢ BRUSHLESS DC OPEN LOOP MOTOR DRIVE WITH CURRENT LIMIT 
Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. « P.O. Box 399 ¢ Merrimack, New Hampshire * 03054-0399 
Telephone 603-424-2410 « FAX 603-424-3460 5-08 


rl] sesenars® 
aa UNITRODE UC3655 


Low Saturation, Linear Brushless DC Motor Driver 


FEATURES DESCRIPTION 
® Total saturation voltage of less thanone volt | The UC3655 DC motor driver achieves extremely efficient operation by using external PNP 
: a transistors selected for low saturation voltage as high side drivers. These are complemented 
© Sink bility of up to th 
Sink cueren capa eibhy, OF 4p ee, omes with low side NPN drivers internal to the UC3655 which also have very low saturation losses. 


* Quiescent current less than 10 mA The PNP's can be low power devices as they are always switched into saturation by the action 


Single supply 5 volt operation of internal 100 mA base drivers, while the on-chip NPN’s are driven linearly to control motor 

® Motor voltage of 5 to 40 volts current. The result is a total source/sink saturation voltage drop of less than one Volt at one 

© Full decode for 3 phase TTL hall sensors Amp load current. 

* 120 electrical degree logic This controller offers further efficiency by using only a five volt supply with a current require- 

© Linear closed-loop motor current control ment proportional to motor current. The quiescent supply current with the outputs off is less 
than 10 mA. 


In addition to the power output stages, the UC3655 contains 120 electrical degree hall 
logic decoding with forward, reverse, and inhibit functions selectable by a single 
pin. Also included in control amplifier to drive the sink output current linearly reposonse 
to an input command voltage. 


Finally, full protection is offered with under-voltage lockout, current limiting, and thermal 
shutdown. The UC3655 is packaged in both a high-power 15-pin Multiwatt® plastic package 
and, for low power requirements, a 28-pin PLCC surface mount configuration. 


CONNECTION DIAGRAMS (TOP VIEW) 


UC3655V(H) UC3655QP 


GND 
GND INPUT 
COMP NIC 

SCE UTC FWD/REV Vs, +5V 
BHASE C 
PHASE B PHASE A -(5 25 SOURCE OUT B 
EWncy PHASE B SINK OUT B 
COMP PHASE C NC 
INPUT SOURCE OUT C SOURCE OUT A 
Vs, +5V 
Ne aon NC SINK OUT A 

NK OUT B SINK OUT C CURRENT SENSE (FORCE) 
SOURCE OUTA NIC CURRENT SENSE (SENSE) 
CURRENT SENSE 


TAB CONNECTED TO PIN 8 


GND 
(HEAT FLOW PINS) 


BLOCK DIAGRAM 


[3] SOURCE OUT A 


Vs, +5V 
[2] SINK OUT A 
PHASE A al 
B POSITION RCE OUT B 
PHASE DECODE SOURCE OU 
LOGIC 
PHASE C [4] SINK OUT B 


[14] SOURCE OUT C 


SINK OUT C 
CURRENT SENSE 


Multiwatt® is a registered trademark of SGS Corporation. 5-97 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage, Vg... cee WV 
Output Voltage, V¢ (Source and Sink) ................... 40V 
Sink Output Current 20.00.0020 00 ee eee 3A 
Source Drive Current ...............,.... Internally Limited 
Logic and Analog Inputs........................ -0.3 to 7V 
Total Power Dissipation (At Trap = 75°C) 

V Package: a6 licitaceceeeaddueoaacn) 4 bP RE detect 25W 

OP PACKER O cia cieiyraase pi Ge aan ne dene Cokie) & 4.0W 
Storage and Junction Temperature ........... -40°C to 150°C 


Note: 1. All voltages are with respect to ground, 
Currents are positive into, negative out of the specified terminal. 


ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for Ta = O°C to 


70°C, Vs = 5.0 Volts, and Rsense = 0.2 Ohm). Ta=Ty 


UC3655 


THERMAL DATA: 

V Package: Thermal Resistance to Tab, gic ............ 3°C/W 
Thermal Resistance to Ambient, 6a ...... - 35°C/W 

QP Package: Thermal Resistance to Leads, gjc.......... 15°C/W 
Thermal Resistance to Ambient, @ja ..... .. 50°C/W 


PARAMETER CONDITIONS i MIN. | TYP. MAX. | UNITS 
Sink Driver Section 
Collector Leakage Vo = 40V 500 vA 
Saturation Voltage Ic = 2A, Rs = 0 0.8 10 
le = 1A,Rs = 0 04 0.5 V 
Coll. Diode V¢ lf = -1A 2.0 Vv 
Source Driver Section 
Collector Leakage [We = 40v 100 uA 
Saturation Voltage Ico = O.1A 1.9 2.3 Vv 
Current Limit Vo = 5V, Ta = 25°C 100 175 300 mA 
Amplifier Section 
input Low Voltage Sink Current= 0A 0.8 i] 1.0 12 Vv 
input High Voltage Sink Current = 2A 45 | 5.0 5.5 Vv 
Closed Loop Transconductance Sink Current = 0-2A_ 45 0.5 55 s 
Control Amp Transconductance lcomp = +50uA ir 0.2 mS 
Voltage Gain to Current Sense Vin = 2-3V ~20 dB 
Input Bias Current Vin = 5V 0.5 1.0 mA 
| Comp. Source Current Vin = 5V, Vcomp = .9V 50 -100 -150 yA 
Comp. Sink Current Vin = OV, Vcomp = .9V 50 L 100 150 yA 
Decoder Section 
High-level Input Voltage Phase Input Vv 
Low-level Input Voltage Phase Input Vv 
High-level Input Current Phase Input pA 


Hegta ees ssck es ce 
Low-level input Current 


Phase Input 


Input Voltage to Inhibit FWD/REV Vv 
Forward Command Input V | FWD/REV Vv 
Reverse Command Input V | Fwo/REV Vv 
Supply Section 
Turn-on Threshold Vg Low to High 3.5 4.0 4.7 Vv 
Threshold Hysteresis 0.5 Vv 
Supply Current Outputs Inhibited | 6.0 10 mA 
Supply Current Sink Current = 2A 25 100 mA 
Thermal Shutdown Junction Temperature 150 °c 
Shutdown Hysteresis Junction Temperature 25 °C 
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DECODE LOGIC TRUTH TABLE: (Note: X = Don't Care, Inh = 2.5 +1V, H and L levels defined by 
application, Motor Term O = High Impedance). 


Inhibit Phase Input Source Drive Sink Output 
FwdiRev | A B A BB c|a_B_ Cc 


Xx 1 1 Off Off Off Off Off 


Inhibit Xx Off Off Off Off Off 


EE 
J 
o1°o 
a) 
lomo} 
aj, 
3|9 
els 


Olrjyo;o|o 


Motor Term 

A B oC 
on | off | off | Of i 0 0 

0 

0 


fe) 

= 

° 

=) 

g 
Oj/r|[r]OoO;cl|ryo;=z 


o19 
3/5 

O19 
Ais 

o1oO 
a/am 
o19 
3/3 


rlry/o;zfyr;o; riz 


g|g 
|e 
iba 
g/g 
=| 
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TYPICAL MOTOR DRIVE APPLICATION 


+5 VOLTS Vm = 5 to 40V 


D73F5T 


CHA Or TIP 32 


SOR DRIVE 


CHA 
SINK DRIVE 


| CURRENT FB 
l (Alt 3 Channels) 


= O1AVin 


UC3655 Alo 


R2 is only used to reduce 
UC3655 power dissipation 
or timit source current to 
less than 100 mA. 


CHB 


3 PHASE 
BDC. 
MOTOR 
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Linear Transconductance Amplifier 


[6] Vs = 5V 


24 OHM 
SINK OUTPUT 


Phase Inputs Forward/Reverse Input 
5.0V 
15V REF TO 
DECODE 
LOGIC 
HALL SENSORS 
PINS 11, 12, 13 
; a FWD 
Note: Input pull-up 
resistors are 
not included. 
REV 


Source Drivers 


SOURCE DRIVE 
PINS 3, 5, 14 
100 pA 
CHANNEL 
SELECT 
LOGIC 
3 
OHMS 
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Sink Output Vsar vs Current Control Transfer Characteristics 
1 40 : 
wo HH | an q 
= 08 | 2 Rsense 
g Ss 30 
| 07 74> Tj = 125°C = 
2 oa + z 
3 05 = 20 
2 
z 
3 Sal cl © 
& 03 2 
x F 10 
B 02 1 3 
oi + 5 
) ++ ela | 0.0 + 
0 02 04 06 08 1 12 14 16 18 2 00 10 20 30 40 50 60 70 80 90 100 
SINK OUTPUT CURRENT—AMPS INPUT CONTROL VOLTAGE—VOLTS 
Vs Supply Current vs Sink Current Source Driver Output Vsar vs Current 


TTT TT yy tT ty ty 
Py yt yt / 


Vg SUPPLY CURRENT—mAMPS 
SATURATION VOLTAGE—VOLTS 


1 12 14 16 18 ~ 20 40 60 80 100 120 140 160 = 180 
SINK OUTPUT CURRENT—AMPS SOURCE DRIVER OUTPUT CURRENT —mAMPS 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. ¢ P.O. Box 399 * Merrimack, New Hampshire * 03054-0399 
Telephone 603-424-2410 * FAX 603-424-3460 
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ae UNITRODE UCS717A 


Stepper Motor Drive Circuit 


FEATURES DESCRIPTION ‘ : 

© Full-Step, Half-Step and Micro-Step The UC3717A is an improved version of the UC3717, used to switch drive the current in 
Capability . : } one winding of a bipolar stepper motor. The UC3717A has been modified to supply 

e Bipolar Output Current up to 1A higher winding current, more reliable thermal protection, and improved efficiency by 

© Wide Range of Motor Supply Voltage providing integrated bootstrap circuitry to lower recirculation saturation voltages. The 
10-46V diagram shown below presents the building blocks of the UC3717A. Included are 

® Low Saturation Voltage with Integrated an LS-TTL compatible logic input, a current sensor, a monostable, a thermal shutdown 
Bootstrap network, and an H-bridge output stage. The output stage features built-in fast recovery 

® Built-In Fast Recovery Commutating commutating diodes and integrated bootstrap pull up. Two UC3717As and a few 
Diodes external components form a complete control and drive unit for LS-TTL or micro- 

© Current Levels Selected in Steps or processor controlled stepper motor systems. 


Varied Continuously 
® Thermal Protection with Soft 
Intervention : 


The UC3717A is characterized for operation over the temperature range of 
O°C to +70°C. 


ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAM 
Voltage 

Logic Supply, Voc... 0... ccc cece cece cece sce e cee ccee ced neeuesettecettrtnenes 

Output Supply, Vino... cece cece ee ecce vec ceenceceuuceceeuccssuneeteeunnnce DIL-16 (ToP VIEW) 
Input Voltage ; ; J or NE PACKAGE 

Logic Inputs (Pins 7, 8, 9) 

Analog Input (Pin 10) ........ cece cece eee c ence cc ve cece svaceaenceuces 

Reference Input (Pin 11) Bour [1] EMITTERS 
Input Current TIMING [2] 

Logic Inputs (Pins 7, 8, 9) 

Analog Inputs (Pins 10, 11) Vm 
Output Current (Pins 1, 15)... GND 
Junction Temperature, Tj....... 0.0... ccc cece cece cece cence eeeeeeenens ais 
Thermal Resistance, Junction to Ambient (NE Package) ..............eeeesceee eno [51 
Thermal Resistance, Junction to Case (NE Package) ...............0.cccceeeee Vee [6] 


Thermal Resistance, Junction to Ambient (J Package) . 
Thermal Resistance, Junction to Case (J Package) ...... 
Storage Temperature Range, Ts 
Note: 1. All voltages are with respect to ground, Pins 4, 5, 12, 13. 
Currents are positive into, negative out of the specified terminal. 


BLOCK DIAGRAM 


er 069 RC 

t = 0. 

cai a THERMAL 
SHUTDOWN 


CURRENT SENSOR UC3717A 


CURRENT TIMING EMITTERS 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Figure 6. Vm = 36V, Vcc = 5V, Vr = 5V, Ta = 0°C to +70°C, unless otherwise 
stated). TA=Ty 


. TEST 
PARAMETERS CONDITIONS MIN. TYP. MAX. UNITS 


Supply Voltage, 

Vm (Pins 3, 14) 10 46. 
Logic Supply Voltage, 

Voc (Pin 6) ; 4.75 5.25 v 


Logic Supply Current, 

loc (Pin 6) lo = 11 = 7 15 mA 
Thermal Shutdown Temperature | $e t —ae ft 
Logic Inputs 

input Low Voltage 

(Pins 7, 8, 9) 0.8 v 
Input High Voltage 

(Pins 7, 8, 9) 7 Voc v 
Low Voltage Input Current Vi = 0.4V Pin 8 -100 " 
(Pins 7, 8, 9) Pins 7,9 ~400 c 
High Voltage Input ss 

Current (Pins 7, 8, 9) W= 2.4V 10 uA 
Comparators 

Comparator Low Threshold Vr = 5V lo=L 

Voltage (Pin 10) 1y=H 66 80 90 mV 
Comparator Medium Vr = 5V lo=H 

Threshold Voltage (Pin 10) h=L Z26 ati 266 my 
Comparator High Vr = 5V lo=L 

Threshold Voltage (Pin 10) h=t az8 bie rae my 
Comparator Input ‘ 

Current (Pin 10) sisi HA 
Cutoff Time, torr Rr = 56K Cr = 820pF 25 35 us 
Turn Off Delay, ta (See Figure 5) 2 us 
Source Diode-Transistor Pair . 

Saturation Voltage, Im = -0.5A Conduction Period 17 2.1 7 
Vsat (Pins 1, 15) : (See Figure 5) Recirculation Period | ll 1.35 

Saturation Voltage, Im =-1A Conduction Period 21 28 : 
Vsat (Pins 1, 15) (See Figure 5) Recirculation Period 17 2.5 

Leakage Current Vin = 40V 300 uA 
Diode Forward Voltage Im = -0.5A 1 1.25 " 
Ve Im = -1A 1.3 17 


Sink Diode-Transistor Pair 


Ssturation Voltage, FiO ee 
Vout (Pins 1,15) Dae CO EG a 
| eae 


Leakage Current 


Diode Forward Voltage : 1.1 15 
Ve 1.4 2 
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T T 
. 4. —t 
Ta = #25°C | Ta = 425°C 
4 + — 4 
abi | = 
Fang Zz 
3G = 
I w 
te 2 
4 a 
ie Map & 
> 2 
(=) 
fl 
1 
L 
0 
02 0.4 0.6 08 0.2 04 06 08 
OUTPUT CURRENT (A) OUTPUT CURRENT (A) 
Figure 1. Typical Source Saturation Voltage vs Output Current Figure 4. Typical Power Dissipation vs Output Current 
(Recirculation Period) 
= 
oe 
9 
= 4 
iS 
¢ 
ff (A) Vrs (Pin 16) 
= 
ov 
a 
(B) Ves (Pin 10) 
ov 


0.2 04 06 08 
OUTPUT CURRENT (A) 


(C) Vaour (Pin 15). 
Figure 2. Typical Source Saturation Voltage vs Output Current 


(Conduction Period) ov 7 
Y Vsat rec 
T ] T + 7 7 >t 
(D) Veout (Pin 1) net gon 
FSi | | er / 
4 4 
(E) Va = Vaour - Vaour | Ton TorF 

: ov +t a» t 


Figure 5. Typical Waveforms with MA Regulating (phase = 0) | 


Vce SAT LOW (V) 


0.2 04 06 08 
OUTPUT CURRENT (A) 


Figure 3. Typical Sink Saturation Voltage vs Output Current 
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MONOSTABLE 
torr = 069 RiCr 


THERMAL 
SHUTDOWN 


CURRENT SENSOR UC3717A 


CURRENT TIMING EMITTERS 


4 Vas 
Re 


ik 
Reense 


19 


‘If 


Figure 6. UC3717A Test Circuit 


FUNCTIONAL DESCRIPTION 


DASHED LINES INDICATE 
The UC3717A's drive circuit shown in the block diagram includes CURRENT DECAY PATHS 


the following components: 


(1) H-bridge output stage 

(2) Phase polarity logic 

(3) Voltage divider coupled with current sensing comparators 
(4) Two-bit D/A current level select 

(5) Monostable generating fixed off-time 

(6) Thermal protection 


OUTPUT STAGE 


The UC3717A's output stage consists of four Darlington power 
transistors and associated recirculating power diodes in a full H- 
bridge configuration as shown in Figure 7. Also presented, is the 
new added feature of integrated bootstrap pull up, which 
improves device performance during switched mode operation. 
While in switched mode, with a low level phase polarity input, Q2 is 
on and Q3 is being switched. At the moment Q3 turns off, winding 


current begins to decay through the commutating diode pulling 
the collector of Q3 above the supply voltage. Meanwhile, Q6 turns 
on pulling the base of Q2 higher than its previous value. The net 
effect lowers the saturation voltage of source transistor Q2 during 
recirculation, thus improving efficiency by reducing power 
dissipation. 


Rsonse 


Figure 7. Simplified Schematic of Output Stage 
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PHASE POLARITY {NPUT 


The UC3717A phase polarity input controls current direction in 
the motor winding. Built-in hysteresis insures immunity to noise, 
something frequently present in switched-drive environments. A 
low level phase polarity input enables Q2 and Q3 as shown in 
Figure 7. During phase reversal, the active transistors are both 
turned off while winding current decays through the commutating 
diodes shown. As winding current decays to zero, the inactive 
transistors Q1 and Q4 turn on and charge the winding with current 
of the reverse direction. This delay insures noise immunity and 
freedom from power supply current spikes caused by overlapping 
drive signals. 


PHASE INPUT Q1, 94 Q2, Q3 
LOW OFF ON 
| HIGH ON OFF 


CURRENT CONTROL 


The voltage divider, comparators, monostable, and two-bit D/A 
provide a means to sense winding peak current, select winding 
peak current, and disable the winding sink transistors. 


The UC3717A switched driver accomplishes current contro} 
using an algorithm referred to as “fixed off-time.” When a voltage 
is applied across the motor winding, the current through the 
winding increases exponentially. The current can be sensed 
across an external resistor as an analog voltage proportional to 
instantaneous current. This voltage is normally filtered with a 
simple RC low-pass network to remove high-frequency transients, 
and then compared to one of the three selectable thresholds. The 
two-bit D/A input signal determines which one of the three 
thresholds is selected, corresponding to a desired winding peak 
current level. At the moment the sense voltage rises above the 
selected threshold, the UC3717A's monostable is triggered and 
disables both output sink drivers for a fixed off-time. The winding 
current then circulates through the source transistor and 
appropriate diode. The reference terminal of the UC3717A 
provides a means of continuously adjusting the current threshold 
to allow microstepping. Tabie 1 presents the relationship between 
the two-bit D/A input signal and selectable current level. 


TABLE 1 
lo 1 CURRENT LEVEL 
0 0 100% 
1 0 60% 
0 1 19% 
1 1 CURRENT INHIBIT 


OVERLOAD PROTECTION 


The UC3717A is equipped with a new, more reliable therma 
shutdown circuit which limits the junction temperature to a 
maximum of 180°C by reducing the winding current. 


PERFORMANCE CONSIDERATIONS 


In order to achieve optimum performance from the UC3717A 
careful attention should be given to the following items. 
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External Components 


The UC3717A requires a minimal number of external 
components to form a complete contro! and switch drive unit. 
However, proper selection of external components is necessary 
for optimum performance. The timing pin, (pin 2) is normally 
connected to an RC network which sets the off-time for the sink 
power transistor during switched mode. As shown in Figure 8, 
prior to switched mode, the winding current increases 
exponentially to a peak value. Once peak current is attained the 
monostable is triggered which turns off the lower sink drivers fora 
fixed off-time. During off-time winding current decays through the 
appropriate diode and source transistor, The moment off-time 
times out, the motor current again rises exponentially producing 
the ripple waveform shown. The magnitude of winding ripple is a 
direct function of off-time. For a given off-time torr, the values of 
Ry and Cr can be calculated from the expression: 


Torr = 0.69RtCr 


with the restriction that Rr should be in the range of 10-100k. As 
shown in Figure 5, the switch frequency Fs is a function of Torr 
and Ton. Since Ton is a function of the reference voltage, sense 
resistor, motor supply, and winding electrical characteristics, it 
generally varies during different modes of operation. Thus, Fs 
may be approximated nominally as: 


Fs = 1/ 1.5 (Torr) 


Normally, switch frequency is selected greater than 20kHz to 
prevent audible noise, and lower than 100kHz to limit power 
consumed during the switching cycle. 


VERT = 200mA/DIV 
HORIZ = Ims/DIV 


sha bettttpre ttt 


i 
1 
i 
f 
{ 
0 
i 
- | 
t 
H 


4 


tee 


Figure 8. A typical winding current waveform. Winding current 
rises exponentially to a selected peak value. The peak 
value is limited by switched mode operation producing 
a ripple in winding current. A phase polarity reversal 
command is given and winding current decays to zero, 
then increases exponentially in the reverse direction. 


Low-pass filter components Rc Cc should be selected so that all 
switching transients from the power transistors and commutating 
diodes are well smoothed, but the primary signal, which can be in 
the range of 1/Torr or higher must be passed. Figure 5a shows 
the waveform which must be smoothed, Figure 5b presents the 
desired waveform that just smooths out overshoot without radical 
distortion. 


The sense resistor should be chosen as smail as practical to allow 
as much of the winding supply voltage to be used as overdrive to 
the motor. winding. Vas, the voltage across the sense resistor, 
should not exceed 1.5V. 


Voltage Overdrive 


In many applications, maximum speed or step rate is a desirable 
performance characteristic. Maximium step rate is a direct 
function of the time necessary to reverse winding current with 
each step. In response to a constant motor supply voltage, the 
winding current changes exponentially with time, whose shape is 
determined by the winding time constant and expressed as: 


Im = Vm/R [1-EXP(-RT/L)] 


as presented in Figure 9. With rated voltage applied, the time 
required to reach rated current is excessive when compared with 
the time required with over-voltage applied, even though the time 
constant L/R remains constant. With over-voltage however, the 
final value of current is excessive and must be prevented. This is 
accomplished with switch drive by repetitively switching the sink 
drivers on and off, so as to maintain an average value of current 
equal to the rated value. This results ina small amount of ripple in 
the controlled current, but the increase in step rate and 
performance may be considerable. 


With over-voltage applied, 
the phase current would 
become excessive. 


WINDING CURRENT 


Safe value maintained 
by switching circuit. 


Slower rise with 
rated voltage applied 


a 
TIME 


0 L/R 


2U/R 3L/R 4L/R 

Figure 9. With rated voltage applied, winding current does not 
exceed rated value, but takes L/R seconds to reach 
63% of its final value—probably too long. increased 
performance requires an increase in applied voltage, 
or overdrive, and therefore a means to limit current. 
The UC3717A motor driver performs this task 
efficiently. 


Interference 


Electrical noise generated by the chopping action can cause 
interference problems, particularly in the vicinity of magnetic 
storage media. With this in mind, printed circuit layouts, wire runs 
and decoupling must be considered. 0.01 to O.1uF ceramic 
capacitors for high frequency bypass located near the drive 
package across V+ and ground might be very helpful. The 
connection and ground leads of the current sensing components 
should be kept as short as possible. 
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Half-Stepping 


In half step sequence the power input to the motor alternates 
between one or two phases being energized. In a two phase motor 
the electrical phase shift between the windings is 90°. The torque 
developed is the vector sum of the two windings energized. 
Therefore when only one winding is energized the torque of the 
motor is reduced by approximately 30%. This causes a torque 
ripple and if it is necessary to compensate for this, the Va input 
can be used to boost the current of the single energized winding. 


MOUNTING INSTRUCTIONS 


The Rtnj-amb of the UC3717A can be reduced by soldering the 
GND pins to a suitable copper area of the printed circuit board or 
to an external heat sink. 


The diagram of Figure 11 shows the maximum package power Pitot 
and the 6ja as a function of the side “ 7" of two equal square 
copper areas having a thickness of 35 (see Figure 10). 


During soldering the pins’ temperature must not exceed 260°C 
and the soldering time must not be longer than 12 seconds. 


The printed circuit copper area must be connected to electrical 
ground. 


COPPER AREA 35y THICKNESS 


\ P.C. BOARD 


Figure 10. Example of P.C. Board Copper Area which is used as 
Heatsink 


Prot — (W) 
6a — (°C/W) 


20 
SIDE £— mm 


30 40 


Figure 11. Maximum Package Power and Junction to Ambient 
Thermal Resistance vs Side“ 7" 


APPLICATIONS 


A typical chopper drive for a two phase bipolar permanent magnet 
or hybrid stepping motor-is shown in Figure 12. The input can be 
controlled by a microprocessor, TTL, LS, or CMOS logic. 


The timing diagram in Figure 13 shows the required signal input 
for a two phase, full step stepping sequence. Figure 14 shows the 
requred input signal for a one phase-two phase stepping 
sequence called half-stepping. 


The circuit of Figure 15 provides the signal shown in Figure 13, 
and in conjunction with the circuit shown in Figure 12 will 
implement a pulse-to-step two phase, full step, bidirectional 
motor drive. 


+6 +6 


u ls 


8 Vr Veo 
PHASE A Ph 


u MN UC3717A 


— 


hA 


PHASE 8 —— pn, 


he dec UC3717A 


UC3717A 


The schematic of Figure 16 shows a pulse to half step circuit 
generating the signal shown in Figure 14. Care has been taken to 
change the phase signal the same time the current inhibit is 
applied. This will allow the current to decay faster and therefore 
enhance the motor performance at high step rates. 


Ordering Information 

UNITRODE TYPE NUMBER 

UC3717ANE — 16 Pin Dual-in-line (DIL) “Bat Wing” Package 
UC3717AJ — 16 Pin Dual-in-line Ceramic Package 


STEPPING MOTOR 


ROTOR 


Figure 12. Typical Chopper Drive for a Two Phase Permanent Magnet Motor 


_—_——— FWD 


| ——___ + REV 


Figure 13. Phase Input Signal for Two Phase Full Step Drive (4 Step Sequence) 


UC3717A 


filz2t3afafslelr7le] ilz2tale|slel7fal 


wre at = — ~ a atag oe etd 


| —_—_—_—_—__» FWD | SS REV. 


Figure 14. Phase and Current-Inhibit Signal for Half-Stepping (8 Step Sequence) 


DIRECTION 
REV/FWD PHASE A 
PHASE B 
CLEAR 
CLOCK 
Figure 15. Full Step, Bidirectional Two Phase Drive Logic 
+5V 
DIRECTION ha 
SWITCH lo A 
' 
PHASE A 
PHASE B 
hB 
19 B 


Figure 16. Half Step, Bidirectional Drive Logic 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. « P.O. Box 399 * Merrimack, New Hampshire ¢ 03054-0399 
Telephone 603-424-2410 ¢ FAX 603-424-3460 
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circuits UC3770A 


UC3770B 
a UNITRODE 
High Performance Stepper Motor Drive Circuit 
PRELIMINARY 
FEATURES DESCRIPTION 
* Full-Step, Half-Step and Micro-Step The UC3770A and UC3770B are high-performance full bridge drivers that offer higher 
Capability. current and lower saturation voltage than the UC3717 and the UC3770. Included in these 


devices are LS-TTL compatible logic inputs, current sense, monostable, thermal shutdown, 


® Bipolar Output Current up to 2A. and a power H-bridge output stage. Two UC3770As or UC3770Bs and a few external 


® Wide Range of Motor Supply Voltage: components form a complete microprocessor-controllable stepper motor power system. 
Way Unlike the UC3717, the UC3770A and the UC3770B require external high-side clamp 

* Low Saturation Voltage diodes. The UC3770A and UC3770B are identical in all regards except for the current sense 

® Wide Range of Current Control: SmA- thresholds. Thresholds for the UC3770A are identical to those of the older UC3717 
QA. permitting drop-in replacement in applications where high-side diodes are not required. 


Thresholds for the UC3770B are tailored for half stepping applications where 50%, 71%, 
and 100% current levels are desirable. 


The UC3770A and UC3770B are specified for operation from 0°C to 70°C ambient. 


* Current Levels Selected in Steps or 
Varied Continuously. 


* Thermal Protection and Soft Interven- 


tion. 
ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAM 
Logic Supply Voltage, Voc 6 we ee 7V 
Output Supply Voltage, VMM 2. ww we ee 50V 
Logic Input Voltage (Pins7,8,9) ..............00. 6v DIL-16 (TOP VIEW) 
Analog Input Voltage (Pin10) ............0.0000. Vcc | JorN PACKAGE 
Reference Input Voltage (Pini1) ..............004 15V 
Logic Input Current (Pins 7,8,9)..............-. -10mA Be EMT ATERS 
Analog Input Current (Pins 10,11) ............... -10mA 
Output Current (Pins 1,15) 2... ....-........00. +2A 
Junction Temperature, Tj ...............200- +150°C 


NOTE 1: All voltages are with respect to GND (Pins 4, 5, 12, 13) 
Currents are positive into and negative out of the specified terminal. 
THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ground Pins (N Package) . .11°C/W 
Thermal Resistance, Junction to Case, (J Package) ..... .30°C/W. 


BLOCK DIAGRAM 


CURRENT 


EMITTERS | 


UC3770A 
UC3770B 


ELECTRICAL Lys apply with Vi4y=36V, Voo=5V, VR=5V, No Load, and 0°C<T ‘As70°C, unless otherwise stated.) 
CHARACTERISTICS 4 


PARAMETER TEST CONDITIONS 


Supply Voltage Vu (Pins 3, 14) 


| UC3770B 


Logic Supply Voltage Vcc (Pin 6) 


Logic Supply Current Icc (Pin 6) Hlosh=HmeO 
Logic Supply Current Icc (Pin 6) lo=l=L,Im=0 


Logic Supply Current Icc (Pin 6) lo=ly=H,Im=1.3A 


Thermal Shutdown Temperature 
Logic Threshold (Pins 7, 8, 9) 


Input Current Low (Pin 8) 


Input Current Low (Pins 7, 9) Vi=0.4V -400 -400 pA 
Input Current High (Pins 7, 8, 9) Vi=2.4V 10 
Comparator Threshold (Pin 10) Va=5V, io=L, 1 =L 415 430 
Comparator Threshold (Pin 10) Vr=5V, io=H, h=L 255 265 
Comparator Threshold (Pin 10) Vra=5V, io=L, =H 80 90 
caeie Input Current (Pin 10) 


Off Time Rr=56K, C1=820pF 


Turn Off Delay 


Sink Driver Saturation Voltage Im=1.0A 


Sink Driver Saturation Voltage Im-1.3A 


Source Driver Saturation Voltage Im21.0A 1.3 
Source Driver Saturation Voltage Im=1.3A | 1.6 
Output Leakage Current Vu=45V 100 


= Ss + 
x 3 
2 g - 
bE é 
a b) 
g g 
2 4 6 8 1 12141618 2 24 6 8 112141618 2 246 8 1 12141618 2 
OUTPUT CURRENT -(A) OUTPUT CURRENT -(A) OUTPUT CURRENT -(A) 
Figure 1. Typical Source Saturation Voltages Figure 2. Typical Sink Saturation Voltages Figure 3. Typical Supply Current 
vs. Load Current vs. Load Current vs. Load Current 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. « P.O. Box 399 * Merrimack, New Hampshire » 08054-0399 
Telephone 603-424-2410 e FAX 603-424-3460 
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iNTEGRATED 
ciRCcUITS 


ae UNITRODE 
Motor Control Circuits 


POWER DRIVERS SWITCHES AND INTERFACE 


{Control 


Dual Solenoid Driver with Current] + High Current Capability (Up to 2.5A per channel) 


* High Voltage Operation (Up to 46V for Power Stage) 
« High Efficiency Switchmode Operation 

* Regulated Output Current (Adjustable) 

* Few External Components 

* Separate Logic Supply’ 

* Thermal Protection 


15 Pin 
Power Tab 


_| Smart Power Switch 


These devices act as high gain power transistors and 
have on-chip, current limiting, power limiiting, and 
thermal overload protection. 

* Greater than 1.0A Ouput 

*3.0u Typical Base Current (Adjustable) 

* 500ns Switching Time 

* 2.0V Saturation Voltage 

* Direclity Interfaces with CMOS or TTL 

* Internal Thermal Limiting 


TO-220 


High Current/Speed 
FET Driver 


* 10A Peak Current Capability 
* 40ns Rise and Fall Times 

* 40ns Delay Times (1Nf) 

* Low Saturation Voltage 


PWM Dual Driver 


Load Control and Status monitoring for two inductive 
loads up to 1A each. 

* PWM Current Control 

* Dual, Floating Switches 

* Supply Voltage up to 60V 

* Tri-State Status Outputs 

* 60V Operation 


|Half-Bridge Bipolar Switch 


* Source or Sink 4.0A 

* Supply Voltage to 35V 

* High-Current Output Diodes 

* Tri-State Operation 

* TTL and CMOS input Compatability 
¢ Thermal Shutdown Protection 

* 30CKHz Operation 


5 Pin 
TO-220 


Triple Half-Bridge Power 
Driver 


« Three 2A Drivers 
* On Board Clamp Diodes 


15 Pin 
Power Tab 


4 Smart Switch 


Independent high and low side switching, up to 2.5A 
capability 

* Full Protection 

* Over-and Under-Current Fault Indication 

+ 50V Operation 


15 Pin 
Power Tab 


| Programmable Current 
| Switch 


+ Five Current-Sinking Switches 

« Programmable Currents from .5 to 2.54 
+ Internal Current Sensing 

* 40V Operation 

* Protection Features 


15 Pin 
Power Tab 


- |Isolated High Side Drive 


Gates. 


* Fully Isolated Drive for High Voltage 


for N-Channel Power MOSFET)* 0% to 100% Duty Cycle 


* 600KHz Carrier Capability 
* Local Current Limiting Feature 
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cirRcuITs 


aa UNITRODE 
Product Selection Guide 


HIGH CURRENT FET DRIVER CIRCUITS 


High Speed Power Driver 
‘Single ended) 


Dual High Current 
MOSFET Compatible 
Output Driver 


Dual Uncommitted High 
Current MOSFET 
Compatible Output Driver 


*1.5A TotemPole Output 

* High Speed MOSFET Compatible 
* Low Quiescent Current 

* Low Cost Package 


¢ Dual, 1.5A Totem Pole Outputs 

¢ Parallel or Push-Pull Operations 

+ Single-Ended to Push-Pull Conversion (1706 Series) 
+ Internal Overlap Protection : 
«Analog, Latched Shutdown 

* High-Speed, Power MOSFET Compatible 

* Thermal Shutdown Protection 

*5 to 40V Operation 

* Low Quiescent Current 


iB) 
"Batwing" 


Dual Non-Inverting 
Power Driver 


* 3.0 Peak Current Totem Pole Output 

* 5 to 35V Operation 

* 25nSec Rise and Fall Times 

* 25 nSec Propagation Delays 

* Thermal Shutdown and Under-Voltage 
Protection 

* High-Speed, Power MOSFET Compatible 

* Efficient High Frequency Operation 

* Low-Cross-Conduction Current Spike 

* Enable and Shutdown Functions 

* Wide Input Voltage Range 

* ESD Protection to 2kV 


Dual High 
Speed FET Driver 


* 1.5A Source/Sink Drive 

* Pin Compatible with 0026 

* 40ns Rise and Fall into 1000pF 
« Low Quiescent Current 


High Current/Speed 
FET Driver 


* 10A Peak Current Capability 
* 40ns Rise and Fall Times 

* 40ns Delay Times (1Nf) 

* Low Saturation Voltage 


Dual Ultra High 
Speed FET Driver 


* 25nS Rise and Fail into 1000pF 

* 15nS Propagation Delay 

¢ 1.5Amp Source or Sink Output Drive 
* Operation with 5V to 35V Supply 

* High-Speed Schottky NPN Process 
* 8-PIN Mini-DIP Package 

« Radiation Hard 


INTEGRATED 
cIRCcUITS 


(LI) 


== UNITRODE 
Product Selection Guide 


POWER DRIVER, SWITCHES & INTERFACE CIRCUITS 


Isolated High Side Drive 
for N-Channel _. 
Power MOSFET Gates 


Octal-Single Ended 
Line Driver 


* Fully !solated Drive for High Voltage 
* 0% to 100% Duty Cycle 

* 600kKHz Carrier Capability . 

+ Local Current Limiting Feature 


| Suited for data transmission systems 
* Eight Driver in One Package 
* Meets EIA standards 


‘|¢ Single External Resistor Controls Slew Rate 


* Tri-State Outputs 
* Low Power Consumption 
* TTL Compatible 


Octal Line Receiver 


| Suited for digtitat communication requirements. 
. |* Eight Receivers in One Package 


* Meets EIA Standards 

* Single 5V Supply 

* Differential Inputs Withstand +25V 
¢ Low Noise Filter 


1 3 
_28PLCC 


ag 


INTEGRATED 
CIRCUITS 


a UNITRODE 


‘L295 


Dual Switchmode Solenoid Driver 


FEATURES 
@ High current capability (up to 2.5A per 
channel) - 


© High voltage operation (up to 46V for 
power stage) 


© High efficiency switchmode operation 
© Regulated output current (adjustable) 
© Few external components 

© Separate logic supply 

“e Thermal protection 


ABSOLUTE MAXIMUM RATINGS 


Collector Supply Voltage, Vc .............. 
Logic Supply Voltage, Vss ...........eee08 


Enable and Input Voltage,Ven, Vi 
Reference Voltage, Vrer 
Peak Output Current (each channel) 


Non-Repetitive, (t = 100usec), lo........ 
Repetitive (80% on -20% off; ton = 10ms) 
DC Operation ......... 2... cece cece eens 


Total Power Dissipation (at Tease = 75°C) 


Storage and Junction Temperature........ 


BLOCK DIAGRAM 


DESCRIPTION : : : 

The L295 is a monolithic integrated circuit in a 15 lead MULTIWATT® package; it 
incorporates all the functions for direct interfacing between digital circuitry and 
inductive loads. The L295 is designed to accept standard microprocessor logic levels 
and drive 2 independent solenoids. The output current is completely controlled by 
means of a switching technique allowing very efficient operation. Furthermore, it 
includes an enable input and separate power supply inputs for bilevel operation such as 
interfacing with peripherals running at higher voltage levels. : 


The L295 is particularly suitable for applications such as hammer driving in matrix printers, 
step motor driving.and electromagnet controllers. 


THERMAL DATA : 
‘ -- Thermal Resistance Junction-Case, Oc .......... 3°C/W max 
wand - Thermal Resistance Junction-Ambient, Oja...... 35°C/W max 


seed -40 to +150°C 


THERI 


MAL 


SHUTDOWN 


DRIVER 


H2 
ORIVER 
LOGIC 
CIRCUITS. 
one 
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L295 


MECHANICAL DATA 


VH Package 


OUTPUT H ch 2 

OUTPUT L ch2 

CURRENT SENSING 2 
—— RESERENCE VOLTAGE 2 


NI 
LOGIC SUPPLY VOLTAGE Vas 


ILLATOR RC NETWORK 
UND 

FE 
CURRENT SENSING 1 
OUTPUT L ch 1 


QUTPUT H ch 1 
1jf————=> SUPPLY VOLTAGE Ve 


ELECTRICAL CHARACTERISTICS (Refer to the application circuit, Vss = 5V, Vc = 36V, Tj = 25°C; unless otherwise specified, 
L = Low; H = High) TA=Ty ; ; 


symBoL[TESTCONDITIONS | MIN. | TYP. | 
[SupplyVotage | Ve P 
[Logic SupplyVoltage | os | 
[ Quiescent Drain Current (from Ve) | lo 

[ss 


Quiescent Drain Current (from Vss) 


w gi 


{8 
s 
<j;<j<j< <j</S 
| 
: : an 


Ven =H : 


[ VrertVnere | 


Transconductance 21 . 
(each channel) y 
Totai Output Voltage Saturation Vv. V 
(each channel)* “eet 
ae ae 


External Sensing Resistors Voltage Drop] Veore 1, Veee2 | 


*Vaat = Voesatai + Voesataz. 


APPLICATION CIRCUIT 


L295 


3 
5 49 


Vinz Vint 


01, D4 = 2A HIGH SPEED DIODES (SES5001, or equivalent) 


3.9nF 


c 7\p2 


9.1kQ 


FUNCTIONAL DESCRIPTION 


The L295 incorporates two independent driver channels with 
separate inputs and outputs, each capable of driving an inductive 
load (see block diagram). 


The device is controlled by three microprocessor compatible 
digital inputs and two analog inputs. These inputs are; 

EN chip ‘enable (digital input, active low), enables both chan- 
"nels when in the low state. 


Vina, 

Vin2 channel inputs (digital inputs, active high), enable each 
channel independently. A channel is activated when both 
EN and the appropriate channel input are active. 


VREF1, . 


Va xi “Rit Va 
JA. 7 ela 
ae ul 


Rl 
where: 


Va = VcEsat Q2 + Vsense 1 + Vo2 


If the oscillator pin (9) is connected to ground the load current 
falls to zero as shown in Figure 1. 


At time tz, channel 1 is disabled by taking the inputs Vin1 low 
‘and/or EN high, and the output transistor Q2 is turned off. The 
load current flows through D2 and D1 according to the law: 


Ve 
—— tra 
Rl Rl 


where: Ve = Vct Voi + Voz 
ly2 = current value at the time to. 


-Rit 


qual Ve 
eu 


Vrer2 reference voltages (analog inputs), used to program the _. 


peak load currents. Peak load current is proportional to 
Vrer. 


Since the two channels are identical, only channel one will be 
described. The following description applies equally to. channel 
two, replacing FF2 for FF1, Vrer2 for Vrers etc. When the channel 
is activated by a low level on the EN input and a high level on the 
channel input Vini, the output transistors Ql and Q2 switch on 
and current flows in the load according to the exponential law: 


) 


where: Ri and L1 are the resistance and inductance of the load 
and V is the voltage available on the load 


-Rit 


R1 Ll 


The current increases until the voltage on the external sensing 
resistor, Rs1, reaches the reference voltage, Vraer1. This peak 
current, Ip1, is given by: 


VREF1 
Rsi 


At this point the comparator output, Comp 1, sets the RS flip-flop, 
FF1, that turns off the output transistor, Q1. The load current 
flowing through D2, Q2, Rs1, decreases according to the law: 


Ip1 = 


Figure 2 shows the current waveform obtained with an RC network 
connected between pin 9 and ground. From to to ti the current 
increases as in Figure 1. A difference exists at the time t2 because 
the current starts to increase again. At this time a pulse is 
produced by the oscillator circuit that resets the flip flop, FF1, and 
switches on the output transistor, Q1. The current increases until 
the drop on the sensing resistor Rs1 is equal to Vrer1 (ts) and the 
cycle repeats. 


The switching frequency depends on the values of R.and C, as 
shown in Figure 4 and must be chosen in the range 10 to 30KHz. 


It is possible with external hardware to change the reference 
voltage Vrer in order to obtain a high peak current lpanda lower 
holding current In (see Figure 3). 


The L295 is provided with a thermal protection that switches off 
all the output transistors when the junction temperature exceeds 
150°C. The presence of a hysteresis circuit makes the IC work 
again after a fall of the junction temperature of about 20°C. 


The analog input pins (VreF1, Vrer2) can be left open or 
connected to Vss; in this case the circuit works with an internal 
reference voltage of about 2.5V and the peak current in the load is 
fixed only by the vatue of Rs: 


2.5 
Rs 


Ip = 
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PRINTEO IN U.S.A. 


L295 


SIGNAL WAVEFORMS 


Figure 2. Load current waveform with external R-C 


Figure 1. Load current waveform with pin 9 connected 


network connected between pin 9 and ground 


to GND 


(KQ) 


R— 


Veer 


Figure 4. Switching frequency vs values of R and C 


Figure 3. With Vie, changed by hardware 


pshire © 03054-0399 
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7 Continental Boulevard. ¢ P.O. Box 399 ¢ Merrimack, New Ham 


Telephone 603-424-2410 « FAX 603-424-3460 


Unitrode Integrated Circuits Corporation 


INTEGRATED 
cIiRcuUITS 


ame UNITRODE 


Smart Power Transistor 


FEATURES 

© Greater Than 1.0A Output 

© 3.0uA Typical Base Current 

® 500ns Switching Time 

© 2.0V Saturation 

© Directly Interfaces with CMOS or TTL 
@ Internal Thermal Limiting 


® Available in TO-257 military package 


G, IG (TO-257) 


Non-isolated 

Pin 1. Adjust 
2. Input 
3. Output 
4. Output 


Isolated 
Pin 1. Adjust 
2. Input 
3. Output 
4. No Connection 


BLOCK DIAGRAM 


BASE 


DESCRIPTION 


UC195 
UC295 
UC395 


The UC195/UC395 family of devices are ultra reliable, fast, monolithic power 
transistors with complete overload protection. These devices act as high gain power 
transistors and have on chip, current limiting, power limiting, and thermal overload 
protection, making them virtually impossible to destroy. The UC195/UC395 offers a 
significant increase in reliability and simplifies power circuitry designs. 


The UC195/UC395 are available in standard TO-3 power packages and solid Kovar 
TO-5. The UC195 is rated for operation from -55°C to +150°C, the UC295 is rated from 


-25°C to +125°C, and the UC395 is rated 


from O°C to +125°C. 


Pin 1. Input 


TO-3 (kK) | 


2. Output 
Case: Ground 


TO-5 (H) 


Pin 1. Emitter 3 
2. Base 2 
3. Collector 

Case: Emitter 


ee ee | 


PROTECTION 
CIRCUITRY 


EMITTER 
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UC195 


UC295 
UC395 
ABSOLUTE MAXIMUM RATINGS THERMAL DATA 
Collector to Emitter Voltage TOPS ba. 3 stares hes uacecatear haha Uouetahie ye a acetal eigen acs Gig = 35°C/W 
UC1L95 | UC29§ ec este iiersidltetidas haedeaae nhs 42V TO 55 SV ke SES OEE TERE ee 8, = 150°C/W 
MICS va wane dade hoe Se enaeewed e RUS ebhed keaahes 36V TOPOS Teed e:iduavacas'ébs5.0. vote Siaescw Scare eete © Gets ieee Gi, = 42°C/W 
Collector to Base Voltage 
UC195;WC295 fits mails deviance sarndy aaaaeasas bine 42V 
SS oe acy Gate ee Fob Ea GMa ote La SRNR 36V 
Base to Emitter Voltage (Forward) 
WE195;UC295 s. saccd let See bs Oadaaek eieienaeeend 42vV 
YC395 x scsi sscae tat eand alee ahuciseireg ee titeaa ai eed ale teas 36V 
Base to Emitter Voltage (Reverse) ............ 0 cece cece 20V 
Collector Current......... 0c cece e eee .. Internally Limited 
Power Dissipation........ 0... eee e eee ee eee Internally Limited 
Operation Temperature Range : 
CIOS sh rinawenasaheekya Wei eteadt -55°C to +150°C 
[0] 6y)> Sere nee ar nor rece -25°C to +125°C 
WG SUS « . PG i.e us nine PRON T eha oo8 O°C to +125°C 
Storage Temperature Range -65°C to +150°C 
Lead Soldering Temperature (10 seconds).............. 300°C 
ELECTRICAL CHARACTERISTICS (Uniess otherwise specified these specifications apply for -55°C <= Ts +125°C for the UC195, 
25°C S Tj S +125°C for the UC295, and 0°C ST; S +125°C for the UC395.) Ta=Ty 
UC195, UC295 
PARAMETERS SYMBOL CONDITIONS UNITS 
Collector-Emitter Operating Voltage Vee Iq S be = lemax Vv 
Base to Emitter Breakdown Voltage BVbe O <Vee <= Vce max v 
Collector Current le 
TO-3, TO-5, TO-257 Vee = 15V A 
Vee = 7.0V A 
Saturation Voltage Vsat le = 1.0A, Ta = 25°C Vv 
Vbe = OV, Vce = 42V 
A 
Base Current i Ve = 42V, Vee = OV u 
: Vbe = OV 
Quiescent Current Iq 0 < Veo < Vee max mA 
Base-Emitter Voltage Voe lc = 1.0A, Ta = 25°C Vv 
ee z Vee = 36V, Rut = 36 
Switching Time ts Ta = 25°C ns 
: ; F : TO-3 Package °C/W 
Thermal Resistance Junction to Case ic TO-5 Package 8C/W 
TO-257 Package °C/W 
lsolated TO-257 Package °C/W 
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UC295 
UC395 
ELECTRICAL CHARACTERISTICS (Uniess otherwise specified these specifications apply for -55°C < T;S +125°C for the UC195, 
-28°C Ss Tj <= +125°C for the UC295, and 0°C < Tj = +125°C for the UC395.) TA=Ty 
PARAMETERS SYMBOL CONDITIONS UNITS 
Collector-Emitter Operating Voltage Vee lq = le <= lemax v 
Base to Emitter Breakdown Voltage BVbe O < Vee <= Vee max V 
Collector Current le 
TO-3, TO-5, TO-257 Vce = 15V A 
Vee = 7.0V A 
Saturation Voltage Vsat le = 1.0A, Ta = 25°C Vv 
Vbe = OV, Vee = 36V 
Base Current Ib Voe = 36V, Veo = OV uA 
‘ Vbe = OV 
Quiescent Current lq 0 <Vee < Vee max mA 
Base-Emitter Voltage Vbe le = 1.0A, Ta = 25°C Vv 
Per ‘ Vee = 36V, Ri = 360 
Switching Time ts Ta = 25°C ns 
; : ' TO-3 Package °C/W 
Thermal Resistance Junction to Case Bic TO-5 Package °C/W 
TO-257 Package °C/W 
Isolated TO-257 Package °C/W 


TYPICAL PERFORMANCE CHARACTERISTICS 


Collector Characteristics 


< 
| 
is 
4 
uw 
ae 
ae 
> 
[e) 
a 
Oo 
i 
Qo 
[rt] 
= 
[2] 
oO 
50 10 15 20 25 30 35 
COLLECTOR-EMITTER VOLTAGE — (V) 
Quiescent Current 

=< 
& 
| 
b 
4 
[rt 
4 
4 
>; 
oO 
ra 
2 
[rt 
Qo 
wn 
a 
= 
Oo 


COLLECTOR VOLTAGE — (V¥) 


SHORT CIRCUIT CURRENT — (A) 


BASE EMITTER VOLTAGE — (V) 


0 
“55-35 -15 5.0 25 45 65 85 105 125 


Short Circuit Current Bias Current 


BIAS CURRENT — (yA) 


50 10 15 20, 25 30 35 


COLLECTOR-EMITTER VOLTAGE — (V) COLLECTOR CURRENT — (A) 


Base Emitter Voltage Base Current 


BASE CURRENT — (yA) 


BASE EMITTER VOLTAGE— (V) 


TEMPERATURE — (°C) 
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SATURATION VOLTAGE — (V} 


COLLECTOR CURRENT — (A) 


Saturation Voltage 


COLLECTOR CURRENT ~— (A) 


10V Transfer Function 


04 «08 «09 12 


BASE-EMITTER VOLTAGE — (V) 


COLLECTOR CURRENT — (A) OUTPUT VOLTAGE — (¥) 


RELATIVE TRANSCONDUCTANCE — (d8) 
PHASE LAG — ( 


Response Time 


TIME — (us) 


36V Transfer Function 


04 08 12 16 
BASE-EMITTER VOLTAGE — (V) 


Small Signal Frequency Response 
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OUTPUT VOLTAGE — (¥) 


TRANSCONDUCTANCE — (mhosy’ 


TIME — (us) 


Transconductance 


TYPICAL APPLICATIONS 


COLLECTOR 


*PROTECTS AGAINST EXCESSIVE BASE DRIVE 
**"NEEDED FOR STABILITY Z 


Power PNP 


Qr 
UC195 


[3:3 
The 


UC195 + 
*SOLID TANTALUM -15V eae 
Sonata! 7 c5* , 
7 +] 1.0uF 


OUTPUT 


Two Terminal 100mA Current Regulator OUIRUT 


T=RIC 
Ri = 12a R2 = 3R1 
R2 = 82K 


: _ Power One-Shot 


*PREVENTS STORAGE WITH FAST FALL 
TIME SQUARE WAVE DRIVE 


Unitrode Integrated Circuits Corporation Fast Follower 
7 Continental Boulevard. * P.O. Box 399 * Merrimack, New Hampshire ¢ 03054-0389 
Telephone 603-424-2410 ¢ FAX 603-424-3460 6-14 


INTEGRATED 
cincuITSs 


aus UNITRODE 


High Speed Power Driver 


FEATURES 

© 1.5A Source/Sink Drive 

e 100 nsec Delay 

e 40 nsec Rise and Fall into LOOOpF 

© Inverting and Non-Inverting Inputs 
© Low Cross-Conduction Current Spike 
@ Low Quiescent Current 

e 5V to 40V Operation 

© Thermal Shutdown Protection 

e@ MINIDIP and Power Packages 


TRUTH TABLE 


BLOCK DIAGRAM 


INV. INPUT | 


THERMAL S.0. 


UC1705 
UC3705 


DESCRIPTION 


The UC1705 family of power drivers is made with a high speed Schottky process to 
interface between low-level control functions and high-power switching devices — 
particularly power MOSFETs. These devices are also an optimum choice for capacitive 
line drivers where up to 1.5 amps may be switched in either direction. With both 
Inverting and Non-Inverting inputs available, logic signals of either polarity may be 
accepted, or one input can be used to gate.or strobe the other. 


Supply voltages for both Vg and Vc can independently range from SV to 40V. In the 
MINIDIP package, Vs can also be used to gate the output as when Vs is less than 4V, the 
output is held in the high. impedence state and no current is drawn from Vc. 


For additional! application details, see the UC1707/3707 data sheet. 


The UC1705 is packaged in an 8-pin hermetically sealed CERDIP for -55°C to +125°C 
operation. The UC3705 is specified for a temperature range of 0°C to +70°C and is 
available in either a plastic minidip or a 5-pin, power TO-220 package. 


CONNECTION DIAGRAMS 


DIL-8 MINIDIP 
N or J Package 
Top View : 


5-Pin TO-220 
T Package 
Top View 


Pwr GND [5] 
LOGIC GND [6] 
INV. IN 


NIN [8] a 


INTERNALLY 
CONNECTED 
1N T-PACKAGE 


5V LOGIC 
REGULATOR 


INTERNALLY 
————~— CONNECTED 
'N T-PACKAGE 
LOGIC GND 
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UC1705 


UC3705 
ABSOLUTE MAXIMUM RATINGS N-Pkg 7 5-Pkg T-Pkg 
Supply Voltage, VIN ......... 0.0 cece cece cee eee e eee e een enseseeenes 
Collector Supply Voltage, Vc 
Output Current (Source or Sink) 

SteadyState lave cyi eve dea vidas diac cudnu wi xnas ae eed 

Peak Transient wae’ “id 

Capacitive Discharge Energy .........0...cb cece eceseeeeces Bnew hsdidia she :ong-eletarales TOP tern weg ie acdidueisyecneaene 
Digital Inputs (see note) 0.0... ccc eee eee eee eens 5.5V 5.5V 
Power Dissipation at Ta = 25°C vo... ccc cece cece eee ee ee : 1w 3W 

Derate above 50°C ...... 0. eee eee SOSA ieeaton eo 10mW/°C 25mW/°C 
Power Dissipation at T (Leads/Case) = 25°C 00... . cece cece eee SWicec cece cence OW hive taderaseanads 25W 

Derate for Ground Lead Temperature above 25°C boa lecy lottcouactek Gapitbed = eae tua in beens - 

Derate for Case Temperature above 25°C .............c. eee e ee Se Nei aha acne 16mW/°C .... 200mW/°C 
Operating Temperature Range .....2... 00... ccc cece eee wees -55°C to +125°C ....... -55°C to +125°C........ -55°C to +125°C 
Storage Temperature Range .............ccccccecucceneneues -65°C to +150°C....... -65°C to +150°C....... -65°C to +150°C 
Load Temperature (Soldering, 10 seconds) ................. 000 ee 300° Cisne avcrcitiaciday 30026 vince cca 300°C 


NOTE: All currents are positive into, negative out of the specified terminal. 
Digital Drive can exceed 5.5V if input current is limited to LOmA. 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1705 and 
0°C to +70°C for the UC3705; Vs = Ve = 20V.) TA=Ty : 


PARAMETER 
Vs Supply Current 


TEST CONDITIONS 
Vg = 40V, (Outputs High; T Pkg.) 
Vg Supply Current Vg = 40V (Outputs Low; T Pkg.) | 
[Ve Supply Current (NJOnyi | Ve=40V, Outputsow —~=S=S*~<“~*~“‘i*tSSC*‘“dSC( 
Vc Leakage Current (N, J Only) Vs = 0, Ve = 30V 05 0.1 
[Digital input owlever | Ct—“‘—é‘irSC‘iLSCC*éCCékt 
Digital nput High evel S| SC~“~*~*~*~*~*~*~—‘—‘—~—‘—“—~—s~‘“—s~‘“~‘i | C,SC*d 
FinputGurent SSCs OCOC~“—~sSsS—C—SSCS 


Input Leakage Vi = 5V 


Output High Sat., Ve-Vo Io = -5OmA Vv 
Output High Sat., Ve-Vo lo = -500mA Vv 
Output Low Sat., Vo lo = 50mA Vv 
Output Low Sat., Vo lo = 500mA Vv 
Thermal Shutdown °C 


TYPICAL SWITCHING CHARACTERISTICS (Vs = Vo = 20V, Ta = 25°C. Delays measured to 10% output change.) 


PARAMETER TEST CONDITIONS OUTPUT Ci = 

From Inv. Input to Output: open 1.0 

Rise Time Delay : 60 60 

10% to 90% Rise 20 40 

Fall Time Delay ; | 60 60 

90% to 10% Fall 25 40 
From N.I. Input to Output: 

Rise Time Delay 90 90 

10% to 90% Rise 20 40 

Fall Time Delay _ 60 60 

90% to 10% Fall __ 25 40 
Vc Cross-Conduction Output Rise 25 

Current Spike Duration 2 _{_ Output Fall 0 


Power MOSFET Drive Circuit 


01.02: UC3611 Schottky Diodes 


Transformer Coupied MOSFET Drive Circuit 


UC1705 
UC3705 


Power MOSFET Drive Circuit Using Negative Bias Voltage and Level Shifting 
To Ground Referenced PWMS : 


DRIVE 


INPUT V>=V 
FROMPWM .. 2 EE 


(VEE) 
NEGATIVE 
BIAS 
{-5 to -10V) 


D1.D02: UC3611 Schottky Diodes 


Charge Pump Circuits 


D1.02: UC3611 Schottky Diode Array 


Unitrode Integrated Circuits Carporation 


7 Continental Boulevard. ¢ P.O. Box 399 ¢ Merrimack, New Hampshire * 03054-0399 


Telephone 603-424-2410 ¢ FAX 603-424-3460 
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INTEGRATED 
CIRCUITS 


am UNITRODE 
Dual Output Driver 


- FEATURES 
® Dual, 1.54 Totem Pole Outputs 


-@ 40nsec Rise and Fai! into 1O00pF 
@ Paraliel or Push-Pull Operation 
© Single-Ended to Push-Pull Conversion 
© High-Speed, Power MOSFET Compatible 
@ Low Cross-Conduction Current Spike 
@ Analog, Latched Shutdown 
- @ Internal Deadband Inhibit Circuit 
© Low Quiescent Current 
@ 5 to 40V Operation 
@ Thermal Shutdown Protection 
e 16-Pin Dual-In-Line Package 
@ 20-Pin Surface Mount Package 


BLOCK DIAGRAM 


FLIP FLOP 
ACTIVATE 


A tNHiBiT {i6 
REF 

8 INHIBIT [1] 
mers 


NON-INVERT 
INPUT 


130 


ANALOG 
stop Uy mv 
NON-INV. 


ANALOG 
STOP [3] 
INV. 


UC1706 
UC3706 


DESCRIPTION 

The UC1706 family of output drivers are made with a high-speed Schottky process to 
interface between low-level contro! functions and high-power switching devices - 
Particularly power MOSFET's. These devices implement three generalized functions as 
outlined below: 


First: They accept a single-ended, low-current digital input of either polarity and process 
it to activate a pair of high-current, totem pole outputs which. can source or sink up to 
1.5A each. : 


Second: They provide an optional single-ended to push-pull conversion through the use 
of an internal flip-flop driven by double-pulse-suppression logic. With the flip-flop 
disabled, the outputs work in parallel for 3.0A capability. 


Third: Protection functions are also included for pulse-by-pulse current limiting, 
automatic deadband control, and thermal shutdown. 


These devices are available in a two-watt plastic “bat-wing” DIP for operation over a 
0°C to 70°C temperature range and, with reduced power, in a hermetically sealed 
cerdip for -55°C to +125°C operation. Also available in surface mount Q and L packages. 


TRUTH TABLE 


OUT = INV and N.I. 
OUT = INV or NI. 


[8] +Vc 


[6] OUTPUT A 


THERMAL 
SHUTDOWN 


4, 5, 12, 13 
“SET DOMINANT 
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CONNECTION DIAGRAM 


DIL-16 (TOP VIEW) 
Jor N PACKAGE 


B INHIBIT A INHIBIT 


16 
INV. INPUT ’ 15] INHIBIT REF. 
N.I. INPUT 

im 

[13] 


GROUND GROUND 


GROUND GROUND 


A OUTPUT [11] B OUTPUT 


FLIP/FLOP STOP NON-INV. 


Ve STOP INV. 


Note: All four ground pins must be 
connected to a common ground. 


UC1706 


UC3706 
ABSOLUTE MAXIMUM RATINGS N-Pkg J-Pkg 
Supply Voltage, Vin ........cccese cece eee ee sete ecetteeceecs DON 35% see dak cee 40v 
Collector Supply Voltage, Vo ...... cece eee eee cece cence anes AOV.. eee eee  40V 
Output Current (Each Output, Source or Sink) 
Steady-State: ic sss sin cheat cevdeaw ees anions eaadapiers +500MA............ +500mA 
Peak Transients is: § te sestdacicae't Gale eicaie te sie ebie sieeve bons ELBA uss (tan aatias +1.0A 
Capacitive Discharge Energy............... ccc eeeeee eee QO By oivecitas doteanvien 15pJ 
Digital WOGtS 46.9 das. n\ne ie ew 20a awewies Yeni  basae eeeexeene BBV dalicceatedianes 5.5V 
Inhibit Inputs ...... 0... cece cent eee ete e ee eeneeenas BBV ois caaseteaean 5.5V 
DIOR INDUS Vie, ads ed avwesiedneeawi vad nev iaecena nu mee nets Vis. nese aadeaee taco Vin 
Power Dissipation at Ta = 25°C ....... ccc eee cece eee ence OW sieeve eke wracaasera's 1W 
Derate: above 50°C: 2 accianed.eecve tient en aeeean 20MW/°C.........-. 10mW/°C 
Power Dissipation at T (Leads/Case) = 25°C........... 0c eae BW. as eiowrsace ate aves aeten 2W 
Derate for Ground.Lead Temperature above 25°C ..... 40MW/°C............0c 0c eee - 
Derate for Case Temperature above 25°C ................055 ek Re uaieala 16mW/° 
Operating Temperature Range ..............c. cece cece ee eeees -55°C to +125°C ....... 
Storage Temperature Range ............ 2: cece cece eee eeeeees -65°C to +150°C ....... 
toad Temperature (Soldering, 10 Seconds) .............. eee e eee eee B00 Ges Fics eine 


Note: All voltages are with respect to the four ground pins which must be connected together. 
All currents are positive into, negative out of the specified terminal. 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55° to +125°C for the UC1706 and 0°C to 


PARAMETER 
Vin Supply Current 
Vo Supply Current 
Vo Leakage Current 


+70°C for the UC3706; Vin = Vo = 20V.) TA=Tu 
TEST CONDITIONS 

Vin = 40V 

Vc = 40V, Outputs Low 

VIN = 0, Vc = 30V, No Load 


Digital Input Low Level 
Digital Input High Level 


Input Current - Vi=0 

Input Leakage Vi=5V 
Output High Sat., Ve-Vo lo = ~5OmA 
Output High Sat., Ve-Vo lo = -50O0mA 
Output Low Sat., Vo lo = 50mA 
Output Low Sat., Vo lo = 500mA 
Inhibit Threshold Vrer = 0.5V 


Inhibit Threshold Vrer = 3.5V 
Inhibit Input Current Vrer = 0 


Le 


Analog Threshold Vom = 0 to 15V 
Input Bias Current Vom = 0 
Thermal Shutdown 
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UC1706 
UC3706 


TYPICAL SWITCHING CHARACTERISTICS (Vin = Vc = 20V, Ta = 25°C. Delays measured 50% in to 10% out.) 


PARAMETER TEST CONDITIONS 


From Inv. Input to Output: 
_ Rise Time Delay ; 


10% to 90% Rise 
Fall Time Delay 


90% to 10% Fall 
From N.!. Input to Output: 


Rise Time Delay . 


10% to 90% Rise 
Fall Time Delay 
90% to 10% Fall 


Output Rise 
Output Fall 


Inhibit Ref. = 1V 
(nhibit = 0.5 to 1.5V 
Stop Non-Inv. = OV 
Stop Inv. = 0 to 0.5V 


Vc Cross-Conduction 
Current Spike Duration 


Inhibit Delay 


Analog Shutdown Delay 


CIRCUIT DESCRIPTION 


Outputs 

The totem-pole outputs have been designed to minimize cross- 
conduction current spikes while maximizing fast, high-current 
rise and fall times. Current limiting can be done externally either 
at the outputs or at the common Vc pin. The output diodes 
included have slow recovery and should be shunted with high- 
speed external diodes when driving high-frequency inductive 
loads. 


Flip/ Flop 

Grounding pin 7 activates the internal flip-flop to alternate the two 
outputs. With pin 7 open, the two outputs operate simultaneously 
and can be paralleled for higher current operation. Since the 
flip-flop is triggered by the digital input, an off-time of at least 
200nsec must be provided to allow the flip/flop to change states. 
Note that the circuit logic is configured such that the “OFF” state is 
defined as the outputs low. 


Digital Inputs 

With both an inverting and non-inverting input available, either 
active-high or active-low signals may be accepted. These are true 
TTL compatible inputs — the threshold is approximately 1.2V with 
no hysteresis; and external pull-up resistors are not required. 


Inhibit Circuit 

Although it may have other uses, this circuit is included to elimi- 
nate the need for deadband control when driving relatively slow 
bipolar power transistors. A diode from each inhibit input to the 
opposite power switch collector will keep one output from turning- 
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on until the other has turned-off. The threshold is determined 
by the voltage on pin 15 which can be set from 0.5 to 3.5V. When 
this circuit is not used, ground pin 15 and leave 1 and 16 open. 


Analog Shutdown 

This circuit is included to get a latched shutdown as close to the 
outputs as possible, from a time standpoint. With an internal 
130mV threshold, this comparator has a common-mode range 
from ground to (Vin - 3V). When not used, both inputs should be 
grounded. The time required for this circuit to latch is inversely 
proportional to the amount of overdrive but reaches a minimum of 
180nsec. As with the flip-flop, an input off-time of at least 200nsec 
is required to reset the latch between pulses. 


Supply Voltage 

With an internal 5V regulator, this circuit is optimized for use with 
a7 to 40V supply; however, with some slight response time degra- 
dation, it can also be driven from 5V.When Vin is low, the entire 
circuit:is disabled and no current is drawn from Vc. When com- 
bined with a UC1840 PWM, the Driver Bias switch can be used to 
supply Vin to the UC1706. Vin switching should be fast as if Vc is 
high, undefined operation of the outputs may occur with Vin less 
than 5V. 


Thermal Considerations 

Should the chip temperature reach approximately 155°C, a paral- 
lel, non-inverting input is activated driving both outputs to the low 
state. 


UC1706 
UC3706 


APPLICATIONS : 


Power MOSFET Drive Circuit Using Negative Bias Voltage and Level Shifting 
Power MOSFET Drive Circuit ; To Ground Referenced PWMS 


DRIVE 
INPUT Vz = Vee 


FROM PWM ; 


(VEE) 
NEGATIVE 
BIAS 
(-5 to -10V) 


D1.02: UC3611 Schottky Diodes D1.D2: UC3611 Schottky Diodes 


Transformer Coupled MOSFET Drive Circuit Charge Pump Circuits 


ha 


LOAD 


D1.D2: UC3611 Schottky Diode Array 
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UC1706 
UC3706 


Power Bipolar Drive Circuit Transformer Coupled Push-Pull MOSFET Drive Circuit 


D1:D2: UC3611 Schottky Diodes 


UC3611 Quad Schottky 
Diode Array 


UC 3706 Converts Single Output PWMS To High Current Push-Puil Configuration 


14 


DRIVER 
BIAS. 


UC 3611 Quad Schottky 
Diode Array 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. « P.O. Box 399 * Merrimack; New Hampshire * 03054-03993 
Telephone 603-424-2410 « FAX 603-424-3460 6-22 


i INTEGRATED 


| | CIRCUITS 


au UNITRODE 


Dual Channel Power Driver 


FEATURES 


© Two Independent Drivers . 

¢ 1.5A Totem Pole Outputs — 

© inverting and Non-Inverting Inputs 

¢ AOns Rise and Fall into 1000pF 

¢ High-Speed, Power MOSFET Compatible 
¢ Low Cross-Conduction Current Spike 

@ Analog Shutdown with Optional Latch 


@ Low Quiescent Current 
© 5V to 40V Operation 


@ Thermal Shutdown Protection 
#16-Pin Dual-In-Line Package i 
© 20-Pin PLCC and CLCC Package 


BLOCK DIAGRAM 


INVERT 


- INPUT B 
Nu. 


<1. ANALOG 
“STOP 
' 4 Non-Inv. 


ANALOG 
STOP . 
Inv, 


‘SHUTDOWN 


LATCH 
DISABLE 


UC1707 
: UC3707 


DESCRIPTION ; 

The UC1707 family of power drivers is made with a high-speed Schottky proce$s to 
interface between low-level control functions and high-power switching devices'— °° 
particularly power MOSFETs. These devices contain two independent channels, each of 
which can be activated by either a high or low input logic level signal. Each output: can 
source or sink up to 1.5A as long as power dissipation limits are not exceeded. 


Although each output can be activated independently with its own inputs, it can be 
forced low in common-through the action either of a digital high signal at the Shutdown 
terminal or a differential low-level analog signal. The Shutdown command.from either 
source can either be latching or not, depending on the status of the Latch Disable pin. 


Supply voltage for both Vin and V¢ can independently range from 5V to’ 40V. Vin can 
also be used to gate the outputs as when Viw.is less than 4V, both outputs are held in 
the high impedance state and no current is drawn from Vc. 


‘ These devices are available in a two-waitt plastic “bat-wing” DIP for operation over a 


0°C to 70°C temperature range and, with reduced power, in a hermetically sealed 
cerdip for -55°C to +125°C operation. Also available in surface mount Q, L packages. 


H = NO LATCH OR RESET 
L = LATCH ENABLED. 


| | GROUND 
4,8, 12,13 


6-23 


" UC1707 
UC3707 


ABSOLUTE MAXIMUM RATINGS N-Pkg J-Pkg. CONNECTION DIAGRAM 


t 


Supply Voltage, Vin .........-.. cece cece cece eee e eee eee 

Collector Supply Voltage, Vc 

Output Current (Each Output, Source or Sink) 
Steady-State: ov. ied ecs.c steinedleagicesiteinae ed sieesen 
Peak Transient ............ a 
Capacitive Discharge Energy .. 

Digital Inputs (see note) .............055 


DIL-16 (TOP VIEW) 
J OR N PACKAGE 


INPUT BNI. [2] 


INPUT B INV. tNPUT A INV. 


[15] INPUT A NL 


Analog Stop (nputs ..........ccc ccc ceeeeeeeenenceceseees ee ED +ViN 
Power Dissipation at Ta = 25°C : 

Derate above 50°C. .......ceccceecsecegeseeeeesuee 20mW/°C ; GROUND, GROUND 
Power Dissipation at T (Leads/Case) = 25°C ............. BW. 5 ci wecesoaweores Siow GROUND [5 | [12] GROUND 

Derate for Ground Lead Temperature above 25°C .. 40mW/°C i. 

Derate for Case Temperature above 25°C ..........6... Sone asad fe ouTPUT A [6] J) OUTPUT B 
Operating Temperature Range .........6.-..eeeeeeees veve s  755°G to +125°C 220.0... SHUTDOWN to] poe 4 
Storage Temperature Range ..............e.eeeeee peer -65°C to +150°C ........ aN gee By 
Load Temperature (Soldering, 10 seconds) e::.....5....0.c cece ee 300°C ............. +Vc 12] stop Inv. 


NOTE: All voltages are with respect to the four ground pins which must be conected together. 
All’currents are positive into; negative out-of the specified terminal. 


Digital Drive can exceed 5.5¥ if input current is limited to 10mA. NOTE: All four ground pins must be 


connected to a common ground. 


TRUTH TABLE (Each Channel) 


OUT = INV. and N.I. 
OUT = INV. or NIT. 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1707 and 
0°C to +70°C for the UC3707; Vin * Vc = 20V.) TA=TJ 
UNITS 
mA 


PARAMETER TEST CONDITIONS 
Vin Supply Current : : Vin = 40V 


Vo Supply Current > ee Vc = 40V, Outputs Low 
Vo Leakage Current Ss VIN = 0, Vc = 30V, No Load 
Digital Input Low Level “ 


ran 1] 
iam Sl 
Pee ew 
P| 5.05. | 
Ea a peccreesy Foren Ss 
Digital Input High Level a | 
—————— ee 
pray Ls 
= 
ory i 
oe 
es a 


lo = =50mA 
Output Low Sat., Vo ; 
=10_| 


Shutdown Threshold Pin 7 Input Toe 110 
Latch Disable Threshold Pin 3 Input __ | os | 12 | 


mA 


N sino] t oln 
on is ie a he mln 


be 
oo 
o 


oa 


NIN 
Nh 
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TYPICAL SWITCHING CHARACTERISTICS (Vin = Vc = 20V, Ta = 25°C. Delays measured to 10% output change.) 
PARAMETER TEST CONDITIONS 
From Inv. Input to Output: 


Rise Time Delay 
10% to 90% Rise 
Fall Time Delay 
90% to 10% Fall 
From N.1. {input to Output: 


Rise Time Delay 
10% to 90% Rise 
Fall Time Delay 

90% to 10% Fail 


Vc Cross-Conduction Output Rise 
Current Spike Duration Output Fall 


Stop Non-inv. = OV 
Stop Inv. = 0 to 0.5V 


Digital Shutdown Delay 2V Input on Pin 7 


Analog Shutdown Delay 


SIMPLIFIED INTERNAL CIRCUITRY 


Typical Digital Input Gate INTERNAL 5 VOLTS 


DIGITAL INPUTS 
PINS 1, 2, 15, 16 


The input zener may be used to clamp input signal voltages higher 
than 5V as long as the zener current is limited to LOmA max. 
External pull-up resistors are not required. = 


Analog Shutdown Comparator Circuit 


SHUTDOWN 


The input common-mode voltage range is from ground to’ mon digital shutdown input. A high signal here will accomplish 
(Vin-3V). When not used both inputs should be grounded. Acti- the fastest turn off of both outputs. Note that “OFF” is defined as 
vate time is a function of overdrive with a minimum value of the outputs low. Pulling shutdown low defeats the latch operation 
160ns. Pin 7 serves both as a comparator output and as a com- regardless of its status. 
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SIMPLIFIED INTERNAL CIRCUITRY (continued) 


UC1707 
UC3707 


Latch Disable INT5V 


LATCH 10K 
DISABLE 


The Shutdown latch is disabled when pin 3 is open. An impedance 
of 4KQ or less from pin 3 to ground will allow a shutdown signal to 
set the latch which can then be reset by either recycling the Vin 
Meeasied or by momentarily (>200ns) raising pin 3 high. - 


TO SHUTDOWN 
LATCH 


Transtormer Coupled Push-Pull MOSFET Drive Circuit 


UC3611 Quad Schottky 
Diode Array 


Current Limiting 


-_ @ 
w 


ANALOG 
STOP 


The Analog shutdown can give pulse-by-pulse current limiting 
with a reset pulse from the clock output of the UC1524. R1Cq is 
used to filter leading edge spikes. 
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UC1707 
UC3707 


APPLICATIONS (continued) 


Over-Voltage Protection Charge Pump Circuits 


20uF Vo % 2V¢ 


With an external reference, the shutdown comparator can be used When driven with a TTL square wave drive, the low output impe- 
for over-voltage protection. Ri and Reset the shutdown level while dance of the UC1707 allows ready implementation of charge 


R3 adds positive feedback for hysteresis. pump voltage converters. 
OUTPUT STAGE COUPLING 
Power MOSFET Drive Circuit Power Bipolar Drive Circuit 


D1.D2: UC3611 Schottky Diodes D1:02: UC3611 Schottky Diodes 
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UC1707 
UC3707 


TRANSFORMER COUPLING 


Transformer Coupled MOSFET Drive Circuit 


01.D2: UC3611 Schottky Diode Array 


Power MOSFET Drive Circuit Using Negative Bias Voltage and Level Shifting To Ground Referenced PWMS 


DRIVE 
INPUT : 
FROM PWM VZ°VEE 


(VEE) 
NEGATIVE 
BIAS 
(-5 to -10V) 


D1.D2: UC3611 Schottky Diodes 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. * P.O. Box 399 * Merrimack, New Hampshire ¢ 03054-0399 
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INTEGRATED 


circuits UC1708 
am UNITRODE UC3708 


Dual Non-Inverting Power Driver 


PRELIMINARY 


FEATURES DESCRIPTION 


® 3.0A Peak Current Totem Pole The UC1708 family of power drivers is made with a high-speed, high-voltage, Schottky 
process to interface control functions and high-power switching devices — particularly power 


Output MOSFETs. Operating over a 5 to 35 volt supply range, these devices contain two 
* 5 to 35V Operation independent channels. The A and B inputs are compatible with TTL and CMOS logic 
© 25nSec Rise and Fall Times families, but can withstand input voltages as high as VIN. Each output can source or sink 


up to 3A as long as power dissipation limits are not exceeded. 


Although each output can be activated independently with its own inputs, they can be forced 
low in common through the action of either a digital high signal at the Shutdown terminal or 


* 25nSec Propagation Delays 
* Thermal Shutdown and Under- 


Voltage Protection by forcing the Enable terminal low. The Shutdown terminal will only force the outputs low, 
* High-Speed, Power MOSFET it will not effect the behavior of the rest of the device. The Enable terminal effectively places 
Compatible the device in under-voltage lockout, reducing power consumption by as much as 90%. 
* Efficient High Frequency Operation During under-voltage and disable (Enable terminal forced low) conditions, the outputs are 


held in a self-biasing, low-voltage, state. 


* Low Cross-Conduction Current Spike ; ; ‘ : ; : / 

e : These devices are available in plastic 8-pin MINIDIP and 16-pin "bat-wing" DIP packages 
Enable and Shutdown Functions for operation over a 0°C to +70°C temperature range. For operation over a -55°C to +125°C 

© Wide Input Voltage Range temperature range, the device is available in hermetically sealed 8-pin MINIDIP and 16 pin 


* ESD Protection to 2kV DIP packages. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage Vin ©. 2 0 ee 35V CONNECTION DIAGRAMS 
Output Current (Each Output, Source or Sink) 
Steady-State 0 0.5A DIL-8 (TOP VIEW) 
Peak Transient 2... 2... 3A J or N Package 
Ouput Voltage ........0...-0000. -0.3 to (Vin + 0.3)V 
Enable and Shutdowninputs .............. -0.3 to 6.2V ENABLE N/C 
Aand B Inputs viet sek et ce -0.3 to (Vin + ede INPUT A OUTPUT A 
Operating Junction Temperature (Note2) ........... 150°C GND VIN 
Storage TemperatureRange............. -65°C to 150°C 
Lead Temperature (Soldering, 10Seconds) .......... 300°C INPUT B OUTPUT: B 


NOTE 1:. All voltages are with respect to LOGIC GND pin. 
All currents are positive into, negative out of, device terminals. 


NOTE 2: Consult Unitrode Integrated Circuits databoook for information 
regarding thermal specifications and limitations of packages. DIL-16 (TOP VIEW) 


BLOCK DIAGRAM JE or NE Package 


nc. PWR GND A 
INPUT A[2] OUTPUT A 


ENABLE[3 | VIN 
LOGIC GND LOGIC GND 
LOGIC GND LOGIC GND 
SHUTDOWN LE | VIN 


INPUT B[7| OUTPUT B 
N.c.(8] PWR GND B 


Locic GNo{_] 


SHUTDOWN [_] 


NOTE: In JE package, Pin 4 is logic atlas Pins 5, 
12, and 13 are N/C. 


PWR GND B 


NOTE: Shutdown feature available only in JE or NE packages. 
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. UC1708 


_UC3708 
ELECTRICAL Unless otherwise stated, Vin=10V to 35V, and these specifications apply for: -55°C<Ta<125°C for the 
CHARACTERISTICS UC1708 and 0°C<Ta<70°C for the UC3724. Ta=T; 
PARAMETER TEST CONDITIONS | MINIMUM | TYPICAL | MAXIMUM UNITS 
“ Outputs Low 
VIN Supply Current odpeaticl 
= Enable=0V 
A, B and Shutdown Inputs Low Level 
A, B and Shutdown Inputs High Level : 
A, B Input Current Low VA,B=0.4V 
A, B Input Current High VA,B=2.4V 
A, B Input Leakage Current High VA,B=35.3V | 
Shutdown Input Current Low VSHUTDOWN=0.4V 
Shutdown Input Current High VSHUTDOWN=2.4V 
VSHUTDOWN=6.2V 
Enable Input Current Low VENABLE=0V 
Enable Input Current High VENABLE=6.2V 
Output High Sat., VIN-VOUT lOUT=-SOMA 
loUT=-500mA 
Output Low Sat., Vout loUT=50mA 
louT=500mA 
Thermal Shutdown : 155 °C 
SWITCHING CHARACTERISTICS (Figure 1) (VIN=20V, delays measured to 10% output change.) 
PARAMETER TEST CONDITIONS MINIMUM [TyPIcaL [maximum [units 
From A,B Input to Output: : ; ; i. 
Rise Time Delay oretee ai = ns 
(TPLH) CL = 1000pF (Note 3) 25 40 ns 
CL = 2200pF © 30 40 ns 
: CL = OpF ; 55 75 ns 


10% to 90% Rise 


(TTLH) CL = 1000pF (Note 3) 
CL = 2200pF 40 
CL = OpF 25 
Fall Time Delay - 
(TPHL) CL = 1000pF (Note 3) ; . 25 45 ns 
CL = 2200pF | 35 50 ns 
CL = OpF ‘ 25 60 ns 
90% to 10% Fall 
(TTHL) | CL = 1000pF (Note 3) 25 50 ns 
[ou = 2200pF 40 50 nS 


NOTE 3: These parameters, specified at 1000pF, although guaranteed over recommended operating ‘conditions, are not tested in 


production: : 
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UC1708 
| Eat. UC3708 


SWITCHING CHARACTERISTICS (continued) 


PARAMETER [test CONDITIONS MINIMUM | TYPICAL [MAXIMUM |unrrs 
From Shutdown Input to Output: 


CL = OpF 
CL = 1000pF (Note 3) 
CL = 2200pF 
CL = OpF 


Rise Time Delay 
(TPLH) 


10% to 90% Rise 


(TTLH) CL = 1000pF (Note 3) 
CL = OpF 

Fall Time Delay : 

(TPHL) CL = 1000pF (Note 3) 


CL = 2200pF 
CL = OpF 


90% to 10% Fall 


(TTHL) CL = 1000pF (Note 3) 
[CL = 2200pF 
VIN Cross-Conduction Output Rise 


Current Spike Duration 


NOTE 3: These parameters, specified at 1000pF, although guaranteed over recommended operating conditions, are not tested in 
production. 


Figure 1: AC Test Circuit and Switching Time Waveforms 


AC INPUT 


ut 
200kHz 
tr.20.5V/as > 
tf20.5/as 
Duty Cycle - 50% 
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Figure 2: Equivalent Input Circuits 


ENABLE VIN 
TO A/B 
OUTPUT 


5.6V 
INTERNAL 
BIAS 


UNDER qT 
VOLTAGE eee 
LOCKOUT 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. « P.O. Box 399 ¢ Merrimack, New Hampshire « 03054-0399 
Telephone 603-424-2410 « FAX 603-424-3460 


INTEGRATED UC1 709 


CIRCUITS 


UC3709 
aes UNITRODE 
Dual High-Speed FET Driver 
FEATURES DESCRIPTION 
© 1.5 Amp Source/Sink Drive The UC1709 family of power drivers is an effective low-cost solution to the problem of 
© Pin Compatible with 0026 Products Providing fast turn-on and off for the capacitive gates of power MOSFETs. Made with 
© 40 ns Ri nd Fall into 1000 pF a high-speed Schottky process, these devices will provide up to 1.5 amps of either 

S Hise and Fall into p source or sink current from a totem-pole output stage configured for minimal cross- 
® Low Quiescent Current conduction current spike. 
© 5V to 40V Operation Packaged in an 8-Pin ceramic or plastic minidip, the 1709 (3709) is pin compatibie 


with the MMH0026 or DS0026, and while the delay times are longer, the supply 
current is much less than these older devices. 

With inverting logic, these units feature complete TTL compatibility at the inputs with 
an output stage that can swing over 30V. This design also includes thermal shutdown 
protection and an under-voitage lockout circuit which prevents any undefined states at 
turn-on or turn-off by disabling the output stage. 


® Thermai Protection 
© 8-Pin Minidip Package 


ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM 
N-Pkg Iya TOP VIEW 

Supply Voltage, Voc ...... 0... eee cece ee 40V 40V 
Output Current (Source or Sink) 8-PIN N or J PACKAGE 

Steady-State ........... 0 eee +500 mA +500 mA 

Peak Transient ....................04. +1.5A +1.0A N/C 

Capacitive Discharge Energy ........... 20 pd 15 pJ 
Digital Inputs (See Note)................. 5.5V 5.5V Input A LJ] 2 Output A 
Power Dissipation at Ta = 25°C .......... Iw 1W 

Derate above 50°C ..........0. 0. eee 10 mW/°C 10 mW/°C Ground L]3 Vee 
Power Dissipation at Tc = 25°C........... 3w 2w 

Derate for Case Temperature above 25°C 25 mW/°C 16 mW/°C Input 6 U4 Sua e 
Operating Temperature Range ........... —55°C to + 125°C — 55°C to + 125°C 
Storage Temperature Range ............. —65°C to +150°C = — 65°C to + 150°C 24-1 
Load Temperature (Soldering, 10 Seconds) 300°C 300°C 


Note: All currents are positive into, negative out of the specified terminals. Digital Drive can exceed 
§.5V if input current is limited to 10 mA. 


SIMPLIFIED SCHEMATIC (Only One Driver Shown) 


Thermal Sense 
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ane pea ae 

ee ma oT ee OC 
ee a NP 
Sere er a |e ee 
fone et Se ee ee 

Fie, eo 
[event eat vorvo [tom sommes fa 
a CO 
[owputtowSenvo [| to=soma | 
| “ouputtowSet.vo | to=sooma | 
ce a eT Samay 


PARAMETER 


Fall Time Delay 
90% to 10% Fall 


Voc Cross Conduction Output Rise 
Current Spike Output Fall 


NOTE: Refer to UC1705 specification for further information. 


APPLICATIONS 
Power Bipolar Drive Circuit Transformer Coupled Push-Pull MOSFET Drive Circuit 


D1:D2: UC3611 Schottky Diodes 


UC3611 Quad Schottky 
Diode Array 


Power MOSFET Drive Circuit 


UC1709 
UC3709 


Power MOSFET Drive Circuit Using Negative Bias Voltage and Level Shifting 


To Ground Referenced PWMS 
ee 


01.02: UC3611 Schottky Diodes 


_ 


Transtormer Coupled MOSFET Drive Circuit 


10uF 


T1 


D1.D2: UC3611 Schottky Diode Array 


= 


10uF 
DRIVE 
INPUT V>=V 
FROM PWM es: 
(VEE) * 
NEGATIVE 
BIAS 
(-5 to -10V) 
| D1.D2: UC3611 Schottky Diodes 
Charge Pump Circuits 
TO 
LOAD 
1K 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. ¢ P.O. Box 399 ¢ Merrimack, 
Telephone 603-424-2410 « FAX 603-424-3460 


New Hampshire * 03054-0399 
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cimeurs UC1710 
== UNITRODE Deel? 
High Current FET Driver 


PRELIMINARY 

FEATURES DESCRIPTION 
* Totem Pole Output with 6A Source/Sink The UC1710 family of FET drivers is made with a high-speed Schottky process to interface 
Drive between low-level control functions and very high-power switching devices-particularly 
+ 35 nsec Delay power MOSFET's. These devices accept low-current digital inputs to activate ahigh-current, 


totem pole output which can source or sink a minimum of 6A. 


fen nape alee abe Rell Tine inte 22nr Supply voltages for both Vin and Vc can independently range from 4.7V to 18V. These 


* 85 nsec Rise and Fall Time into 30nF devices aiso feature under-voltage lockout with hysteresis. 
* 4.7V to 18V Operation The UC1710 is packaged in an 8-pin hermetically sealed dual in-line package for -55°C to 
* Inverting and Non-Inverting Outputs +125°C operation. The UC3710 is specified for a temperature range of 0°C to +70°C and is 


available in either an 8-pin plastic dual in-line or a 5-pin, TO-220 package. 


Under-Voltage Lockout with Hysteresis 
* Thermal Shutdown Protection 
MINIDIP and Power Packages 


TRUTH TABLE CONNECTION DIAGRAMS 
DIL-8 MINIDIP 
N or J Package 
Top View 
INV NI OUT OUT = INV and NLI. 
H H L 
F : q OUT = INV or NIL. INV. IN 
L L L 
PWR GND LOGIC GND 
OUT NC 
Ve Vin 
BLOCK DIAGRAM 


INTERNALLY CONNECTED 
IN T-PACKAGE 


5-Pin TO-220 
T Package 
Top View 


OUTPUT BIAS 


__!NTERNALLY CONNECTED: 
IN T-PACKAGE 
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ABSOLUTE MAXIMUM RATINGS N-Pkg 
Supply Voltage, Vin 6. ee 20V 
Collector Supply Voltage, Vo... 2. ee 20V 
OperatingVoltage 2.0.0.0... 0... ee ee 18V 
Output Current (Source or Sink) 

Steady-State: «sia ke F dakeisik hee Ge cee ae hs 2500mA 
Digitallnputs 2.2... -.3V-Vin 
Power Dissipation at Ta=25°C 6... we ee 1W 
Derateabove50°C 2... ee ee 10mWw/°C 
Power Dissipation at T(Case)=25°C .........,..06. 2w 
Derate for Case Temperature above 25°C .......... 16mW/C 
Operating Junction Temperature... 2... ...0.2. -55°C-+150°C 
Storage Temperature 2... ee ee -65°C-+150°C 


Lead Temperature (Soldering, 10 seconds) .......... 300°C 


NOTE: All currents are positive into, negative out of the specified terminal 


J-Pkg 
20V 
20V 
18V 


+500mA 
-.8V-Vin 

1W 

10mW/C 

ow 

16mWw/°C 
-55°C-+150°C 
-65°C-+150°C 
300°C 


UC1710 
UC3710 


25mw/°C 
25W 
200mw/*°C 
-55°C-+150°C 
-65°C-+150°C 
300°C 


| 


ELECTRICAL (Unless otherwise stated, these specifications apply for Ta=-55°C to +125°C for the UC1710 and 
CHARACTERISTICS Ta=0 °C to +70°C for the UC3710; Vin=Vc=15V, No load.) Ta=T; 
PARAMETERS TEST CONDITIONS | MIN | TYP MAX | UNITS | 
Vin=18V, Vc=18V 
Vin Supply Current Output Low 
Output High 


Vin=18V, Vc=18V 


Ve Supply Current Output Low 
Output High 
UVLO Threshold Vin High to Low 
L 
UVLO Threshold Vin Low to High 
UVLO Threshold Hysteresis | 


Digital Input Low Level 


Digital Input High Level 


| 


Digital Input Current Digital Input=0.0V 


Output High Sat., Ve-Vo lo=-100MA 
Output High Sat., Ve-Vo lo=-6A 
‘Output Low Sat., Vo lo=100MA 
Output Low Sat., Vo lo=6A 
| Thermal Shutdown Lb. 


From inv. Input to Output (Note 1,2): 


CL =0 
Rise Time Delay CL = 2.2nF 


10% to 90% Rise 


CL = 30nF 
CL=0 
CL = 2.2nF 


CL = 30nF 
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UC1710 
UC3710 


CL = 30nF 35 80 | ns 
CL=0 15 40 ns 
90% to 10% Fall CL = 2.2nF 20 40 ns 


PARAMETERS TEST CONDITIONS MIN TYP 

= CL=0 35 

Fall Time Delay CL = 2.2nF 35 
CL = 30nF 


From N.I. Input to Output (Note 1,2): 


ICL =0 36 
Rise Time Delay CL = 2.2nF 35 
CL = 30nF 35 
CL=0 | 20 
10% to 90% Rise CL = 2.2nF a 


CL = 30nF 
L 
CL=0 
Fall Time-Delay CL = 2.2nF 


90% to 10% Fail 


Total Supply Current 
at 200kHz Input 


Switching Frequency 


Note: 1. Delay measured from 50% input change to 10% output change. 
Note: 2. Those parameters, with CL = 30nF, are not tested in production. 


Note: 3. Inv. Input pulsed.at 50% duty cycle with N.I. Input = 3V. or N.I. Input pulsed at 50% duty cycle with Inv. Input = OV. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Rise Time Fall Time 


ta n28 | 


VIN =V@15V 


filse Time (nsec) Fall Time (nsec) 
| 


Load Capacitance (nF) : Load Capacitance (nF) 


Unitrode Integrated Circuits Corporation 
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(LJ Gimcurs UC1711 
aa UNITRODE Bea 
UC1711 Dual Ultra High-Speed FET Driver 


PRELIMINARY 


FEATURES DESCRIPTION 


« 25nS Rise and Fall into 1000pF The UC1711 family of FET drivers are made with an all-NPN Schottky process in order to 
4 tion Dek optimize switching speed, temperature stability, and radiation resistance. The cost for these 
Se Fippagation Delay benefits is a quiescent supply current which varies with both output state and supply voltage. 


* 1.5Amp Source or Sink Output Drive For lower power requirements, refer to the the UC1709 family which is both pin compatible 

* Operation with 5V to 35V Supply with, and functionally equivalent to the UC1711. 

* High-Speed Schottky NPN Process- These devices implement inverting logic with TTL compatible inputs, and output stages 
ak which will either source, or sink in excess of 1.5A of load current with minimal 

* 8-PIN Mini-DIP Package cross-conduction charge. Due to their monolithic construction, the channels are well 


matched and can be paralleled for doubled output current capability. 


ABSOLUTE MAXIMUM RATINGS (note 1) EQUIVALENT SCHEMATIC 
Input Supply Voltage, Voc. we 40V 
Output Current (Source or Sink) 

SteadyStato 2 ee es +/-S00MA 
PeakTransient ..... 0... ee ee +/-1.5A 
Inputs : 

maximum forced voltage ..........0..0 0004 -0.3V to 7V 
maximum forced current .........0.0020 000058 +/-10mMA 
Power DissipationatTa=25°C 2... ee ee ee 1W 
DerateN, orJforTa>50°C ...... (Sele aa ete ented 10mw/°C 
Power DissipatingatTa=25°C 2... 1... eee ee 1W 
DerateNforTo>25°C 2... 1. ee 25mw/"C 
DerateJforT;>25°C 2. ee 16mw/°C 
Operating Junction Temperature... ....... ', -55°C to =150°C 
Storage Temperature 2. ..........000.. -65°C to +150°C 


Note 1: Unless otherwise indicated, voltages are reference to ground 
and currents are positive into, negative out of, the specified 
terminals. 


CONNECTION DIAGRAM 


DIL-8 TOP VIEW 
J OR N PACKAGE 


UCc1711 


UC3711 
Electrical Characteristics: Unless otherwise stated specifications hold for Ta = 0 to 70°C for the UC3711, and Ta = -55 to 
125°C for the UC1711, Vcc = 15V. Ta=T, 
PARAMETER TEST CONDITIONS MIN TYP | MAX | UNITS 
Input Supply 
Both inputs=OV Vec=15V 11 15 mA 
Supply Current Both inputs=5V, Vcc=15V 20 27 mA 
(Note 2) Both inputs=OV, Vcc=35V 15 20 mA 
Both inputs=5V, Vcc=35V 41 56 mA 
Logic Inputs 
Logic 0 Input Voltage 0.8 
[Logic 1 Input Voltage { 2.2 Vv 
Input Current Vin = OV “5.0 “2.7 mA 
Vin = 5V 0.5 | 2.0 mA 
Output Stages 
Output High Level lsource = 20mA, below Vcc 1.5 2.0 Vv 
lsource = 200mA, below Vcc 2.0 3.0 Vv 
Output Low Level | Isink = 20mA 25 0.4 v | 
Isink = 200mA = 0.4 1.0 Vv | 
| 


Switching Characteristics (Note 3) 


Cload = 0 
Cload = 1000pF, Note 4 
Cload = 2200pF 


Rise Time Delay, TPLH 


| Cload = 0 
Fall Time Delay, TPHL | Cload = 1000pf, Note 4 
Cload = 2200pF 
Cload = 0, Note 4 ; 12 25 ns 
Rise Time, TLH Cload = 1000pF, Note 4 25 40 ns 
Cload = 2200pF 40 |: 55 ns 
Cload = 0, Note 4 7 15 nS | 
Fall Time, THL Cload = 1000pF, Note 4 25 40 ns 
[ Cload = 2200pF 40 55 | ns 
Freq=200KHz, 50% Duty-cycle | 
Total Supply Current Both Channels Switching 
Cload = 0 17 23 mA | 
L Cload = 2200pF | 29 35 mA 


Note 2: Supply currents at other input supply votages can be calculated by extrapolating the 15V and 35V supply currents. The impedance 
of the chip at the Vcc pin is linear for supply voltages from 8V to 35V, the approximate value of this impedance is 4.3K for both inputs 
low, 0.94K for both inputs high, and 1.54K for one input high and one low. 


Note 3: Switching test conditions are, Vec=15V, Input voltage waveform levels are OV and 5V, with transition times of < 3nS. The timing 
terms are defined as : TPHL Propagation delay 50% Vin to 90% Vout; TPLH Propogation delay 50% Vin to 10% Vout; THL 90% : 
Vout to 10% Vout TLH 10% Vout to 90% Vout : 


Note 4: This specification not tested in production. 


INTEGRATED 
cIRCcUITS 


aa UNITRODE 
Smart Switch 


FEATURES 
®@ 60V Operation 


© 4 Independent Low Side Switches with 
1A Capability 
© 4.5A High Side Switch Capability 


® Over and Under Current Fault - 
Indication 


® Short Circuit and Thermal Shutdown 
Protection 


@ Under-Voltage Lockout 
© 15 Lead, 25W Multiwatt Package 


@ 24 Lead, 25W Power Ceramic 
Package 


BLOCK DIAGRAM 


HIGH 
INPUT 2 


UC1720 
UC3720 


DESCRIPTION 


The UC3720 Smart Switch contains a fully protected 4.5A high side switch along with 
four 1A iow side switches. This device allows for the control of up to four separate 
loads while monitoring for both shorted or open conditions at the point of load. A full 
range of protection circuitry including instantaneous current limit, under-voltage 
lockout, hiccup mode current limit, and thermal shutdown allow for safe reliable 
operation. The UC1720 is characterized for operation over full military temperature 
range of —55°C to +125°C, while the UC3720 is characterized for 0°C to +70°C. 


UC1720 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage Vo... .. ee ee cece erence renee renee 60V Total Power Dissipation (at Tcase = 75°C).....-.------ 25W 

Output Current, High Side Switch (pin 1) Storage and Junction Temperature........ —65°C to +150°C 
Non-Repetitive (t < 50 ps) .......-... eee eee eee eee —8A 
DC Operation... 0... e cece cece eee eee nee nee —4.5A THERMAL DATA 

Output Current, Low Side Switches (pins 6, 7, 9, 10) Thermal Resistance Junction-Case, Oj, ......---- 3°C/W Max 
Non-Reptitive (t = 50 ws) -...-.- 6. sere errr ee rere 1.5A Thermal Resistance Junction-Ambient, @jq ....-- 35°C/W Max 
DC Operation ............ de ul Gad wip sds kee Oa dia aca Ge EERE 1A 


Note: 1. All voltages are with respect to ground. Currents are positive 
Logic InputS .... 0.2.2... 0c ee eee eee eee eee eens —0.3 to 7V into, negative out of the specified terminal. 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for T, = —55°C to +1 25°C for the UC1720 
and 0°C to +70°C for the UC3720; Vin = 28VDC. Ta=Ty 


input Supply Voltage ee ee ge | ao 
Supply Current Vein1 = Vpin2 = OV eee ee 


High-Level Input Current 


Low-Level Input Current 


Output Leakage Current ~ 
Output Current Limit 


CONNECTION DIAGRAM 
(TOP VIEW) 


7|(—______—_ LOWOUTPUT1 
LOW OUTPUT 2 
SC LOW INPUT 2 
___ LOW INPUT 1 
oo OHIGH INPUT 2 
HIGH INPUT 1 
1j{—__— Ss HIGH OUTPUT 
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UC1720 


TYPICAL APPLICATIONS 


0012-4 


TYPICAL LOAD CONFIGURATION 


Hiccup-Mode Current Limit 


: HIGH SIDE 
! INPUT 


UNDER 
VOLTAGE 
Lockout 


0012-5 
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aneurs UC1724 
=m UNITRODE UC2724 


UC3724 
Isolated Drive Transmitter 


PRELIMINARY 
FEATURE DESCRIPTION 
* 500mA Output Drive, Source or Sink The UC1724 family of Isolated Drive Transmitters, along with the UC1725 Isolated Drivers, 
© 8to35VO 4 provide a unique solution to driving isolated power MOSFET gates. They are particularly 
7 Peration suited to drive the high-side. devices on a high-voltage H-bridge. The UC1724 devices 
* Transmits Logic Signal instantly transmit drive logic, and drive power, to the isolated gate circuit using a low cost pulse 
© Programmable Operating Frequency transformer. 
® Under-Voltage Lockout This drive system utilizes a duty-cycle modulation technique that gives instantaneous 
* Able To Pass DC Information Across response to the drive control transistions, and reliably passes steady-state, or DC, 


conditions. High frequency operation, up to 600kHz, allows the cost and size of the coupling 


Transformer transformer to be minimized. 


‘‘ : 
Uprreseooneie: Operation These devices will operate over an 8 to 35 Volt supply range. The dual high current totem 


pole outputs are disabled by an uder-voltage lockout circuit to prevent spurious responses 
during startup or low voltage conditions. 


These devices are available in 8-pin plastic or ceramic dual-inline packages. 
ABSOLUTE MAXIMUM RATINGS (Note 1) 


Supply Voltage VIN © 40V CONNECTION DIAGRAM 
Source/Sink Current (Pulsed) .. 2... 0... eee 1A 
Source/Sink Current (Continuous) ................ 0.5A DIL-8 (TOP VIEW) 
Ouput Voltage (pins 4,6)... .......... ~0.3 to (VIN +0.3)V J or N Package 
PHI, Rt, and Ctinputs (pins 1,7,and8) .......... -0.3 to 6V 
Operating Junction Temperature (Note2) ........... 150°C CT [8] RT 
ae Temperature Range skate Ae ip ae eat 65°C to 150°C GND PHI 
ead Temperature (Soldering, 10Seconds) .......... 300°C vec be) OUTPUT A 
NOTES 1: All voltages are with respect to GND (Pin 2); all currents are 
positive into, negative out of part. OUTPUT B PWR GND 


2: See Unitrode Integrated Circuits databook for information regarding 
thermal specifications and limitations of packages. 


BLOCK DIAGRAM 


BIAS GENERATOR 
& UNDER VOLTAGE TO REST OF CHIP 


Smt [6] Output A 
Soe | 
ee a ea 


V 
RETR IGGERABL 
ONE - SHOT 


OuTPuT B 


UC1724 


UC2724 
UC3724 
RECOMMENDED OPERATION CONDITIONS (Note 3) 
InputVoltage .. 0... ee +9V to +35V 
Sink/Source Load Current (each output) .. 2... 1... 0 to 500mA 
TimingResistor ................. 2kOhm to 100kOhm 
TimingCapacitor .. 2... 2... 2. ee 300pF to 3nF 
Operating Temperature Range (UC1724) ...... -55°C to +125°C 
Operating Temperature Range (UC3724) ........ 0°C to +70°C 
NOTE 3: Range over which the device is functional and parameter limits 
are guaranteed. 
ELECTRICAL Unless otherwise stated, Vcc=20V, Rr=4.3kOhm, Cr=1000pF, no load on any output, and 
CHARACTERISTICS -55°C<Ta<125°C for the UC1724, -25°C<T a<85°C for the UC2724, and 0°C<T a<70°C for the UC3724. 
Ta =Tj 
PARAMETER test CONDITIONS | _ MINIMUM | TYPICAL | MAXIMUM | UNITS 
UNDER-VOLTAGE LOCKOUT 
Start-Up Threshold [Vin Rising 9.0 i 9.5 Vv 
Threshold Hysteresis | 1.0 Vv 


RETRIGGERABLE ONE-SHOT 
Initial Accuracy 


1.667 


Temperature Stability 


Over Operating Ty 
Vin = 10 to 35V 
RT = 2k Cr = 300pF 
RT = 2k Cr = 300pF Lioap = 1.4mH 


Voltage Stability 
Operating Frequency 
Minimum Pulse Width 


Operating Frequency 


PHI INPUT (CONTROL INPUT) 
HIGH Input Voltage 2.0 = Vv 
LOW Input Voltage 0.8 Vv 
HIGH Input Current Vin = +2.4V -220 -130 WA 
LOW Input Current Vit = +0.4V -600 -300 uA 
Delay to One-Shot 250 nSec 
Delay to Output 250 nSec 
OUTPUT DRIVERS 

Isink = 500MA 0.3 0.4 Vv 
See Isink = 250mMA 0.5 21 Vv 
Output High Level Isournce = 250 mA 15 2.1 Vv 
bree) lsource = 250 mA 1.7 2.1 Vv 
Rise/Fall Time No load 30 90 nSec 
TOTAL SUPPLY CURRENT 
Supply Current | Cr=1.4V ii 15 | 30 mA 


UC1724 
UC2724 


“TYPICAL APPLICATION” 
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UC1725 
UC2725 
ae UNITRODE UC3735 
Isolated High Side FET Driver 
PRELIMINARY 
FEATURES DESCRIPTION 
* Receives both power and signal across = The UC1725 and its companion chip, the UC1724, provide all the necessary features to 
‘the isolation boundary drive an isolated MOSFET transistor from a TTL input signal. A unique modulation scheme 
* 9 to 15 volt high level gate drive is used to transmit both power and signals across an isolation boundary with a minimum of 
guaranteed external components. 
* Under-voitage lockout Protection circuitry, including under-voltage lockout, over-current shutdown, and gate 
. voltage clamping provide fault protection: for the MOSFET. High level gate drive is 
Pogentans over-current shutdown guaranteed to be greater than 9 voits and less than 15 volts under all conditions. 
.. : ‘ Uses include isolated off-line full bridge and half bridge drives for driving motors, switches, 
Output enable function and any other load requiring full electrical isolation. 
The UC1725 is characterized for operation over the full military temperature range of 
-55°C to +125°C while the UC2725 and UC3725 are characterized for -25°C to +85°C and 
0°C to +70°C respectively. 
ABSOLUTE MAXIMUM RATINGS (NOTE 1) CONNECTION DIAGRAM 
Supply Voltage (pin3) 2. ee 30V 
Power inputs (pins7&8) ..... He gag hie SS Sen Bae iene 40V DIL-8 (TOP VIEW) 
Output current, source or sink (pin 2) Nor J PACKAGE 
DC hee he is Pte nl die hd leist Hoe, Gos ees 0.5A 
Pulse (0.5us) ...........-. Ob abse tye Canes eet 2.0A 
Enable and Current limit inputs (pins4&6) ........ -0.3 to 6V 
Power Dissipation at Tax25°C (DIL-8) ©... ee 1W 
Derate 8mw/ C for Ta>25°C 
Power Dissipation at TAs25°C (SO-14) 2... ee 725mW 
Derate 5.8mw/ C for Ta>25°C 
Lead Temperature (Soldering, 10 Seconds) .......... 300°C 


Note 1. All voltages are with respect to ground, pin 1. Currents are 
positive into, negative out of the specified terminal. Isense 


BLOCK DIAGRAM 


HYSTERESIS 
COMPARATOR 


UC1725 


UC2725 
UC3735 
ELECTRICAL (Unless otherwise stated, these specifications apply for Ta=0 to 70°C; Vcc (pin 3) = 15v, Rt=50k, Ct=.01uf) 
CHARACTERISTICS Ta =Tj 
PARAMETER TEST CONDITIONS MIN. | TYP. MAX UNIT. 
POWER INPUT SECTION (PINS 7 & 8) 
Forward diode drop, l= 50ma 
schotkey rectifier iG = 500ma 


CURRENT LIMIT SECTION (PIN 4) 


Input bias current Vping = OV ; 1 L 10 ua 
Threshold voltage 04 | 0s 0.6 v 

Delay to outputs lv pina =0 to 1v | 150 ns 
TIMING SECTION (PIN 5) 

Output Off Time C; = 2.2nf, Ri = 10k | 60 us 
Upper Mono Threshold 7.0 : v 

Lower Mono Threshold | 2.0 v 


HYSTERESIS AMPLIFIER (PINS 7 & 8) 


Input open circuit 
voltage 


inputs (pins 7 & 8) 
open circuited ta=25°C 


Input impedance 


Hysteresis 


Delay to outputs Vpin7?—Vpin8=Vec+1V 

ENABLE SECTION (PIN 6) 

High Levelt input voltage | 2.1 | 1.4 i v 

Low Level input voltage : 1.4 8 v 

Input bias current | —200 —500 | ua 

OUTPUT SECTION 

Output Low Level lout = 20ma 5 0.4 v 

} lout = 200ma 1.2 2.2 v 

Output High Level lout = -20ma 13 13.5 v 
lout = -200ma 12 13.4 v 
Vee = 30V, lout = -20ma “14 15 v 

Rise/Fall Time Ct = tnf ; 30 | 60 ns 

UNDER VOLTAGE LOCKOUT 

UVLO Low Saturation 20ma, Vec=8V 0.8 1.5 ] 

Start-up threshold 11.2 12 12.6 | v 

Threshold hysteresis 75 | 1.0 1.12 | v 

TOTAL STANDBY CURRENT 

Supply current iz 12 16 ma 


NOTES: 2. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 


APPLICATION INFORMATION 
INPUTS 


Figure 1 shows the rectification and detection scheme used in the. 
UC1725 to derive both power and signal information from the input 
waveform. Vcc is generated by peak detecting the input signal via 
the internal bridge rectifier and storing on a small external capacitor, 
C1. Note that this capacitor is also used to bypass high pulse 
currents in the output stage, and therefore should be placed direclty 
between pins 1 and 3 using minimal lead lengths. 


FIGURE 1 - INPUT STAGE 


Signal detection is performed by the internal hysteresis comparator 
which senses the polarity of the input signal as shown in figure 2. 
This is accomplished by setting (resetting) the comparator only if the 
input signal exceeds Vcc (-Vcc). In some cases it may be necessary 
to add a damping resistor across the transformer secondary to 
minimize ringing and eliminate false triggering of the: hysteresis 
amplifier as shown in figure 3. 


OUTPUT 


FIGURE 2- INPUT WAVEFORM (PIN 7 - PIN 8) 


UC1725 
UC2725 
UC3735 


OUTPUT 2 a 


OUTPUT PULSING CAUSED BY TRANSFORMER RINGING 
FIGURE 3 - SIGNAL DETECTION 


CURRENT LIMIT AND TIMING 


Current sensing and shutdown can be implemented directly at the 
output using the scheme shown in figure 4. Alternatively, a current 
transformer can be used in place of Rsense. A small RC filter in 
series with the input (pin 4) is generally needed to eliminate the 
leading edge current spike caused by parasitic circuit capacitances 
being charged during turn on. Due to the speed of the current sense 
circuit, itis very important to ground Cr directly to ground (pin 1) as 
shown to eliminate false triggering of the one shot caused by ground 
drops. 


FIGURE 4 - CURRENT LIMIT 


One shot timing is easily programmed using an external capacitor 
and resistor as shown in figure 4. This, in turn; controls the output 
off time according to the formula: 


tor= 1.28 RC 
OUTPUT 


Gate drive to the power FET is provided by a totem pole output stage 
capable of sourcing and sinking up to 1 amp peak currents. in 
addition, the undervoltage lockout circuit and output voltage clamp 
guarantee that the output high level will never be less than 9 volts 
nor greater than 15 voits under all operating conditions. During 


UC1725 
UC2725 
UC3735 


undervoltage lockout, the output stage will actively sink currentto a simple means of providing a fast, high voltage translation by using 
eliminate the need for an external gate to source resistor. a small signal, high voltage transistor in a cascode configuration. 
Note that the UC1725 is still used to provide power, drive and 


protection circuitry for the power FET. 
ENABLE 


An enable pin is provided as a fast, digital input that can be used in 
anumber of applications to directly switch the output. Figure 6 shows 


OUTPUT 


GROUND 


FIGURE 5 - OUTPUT CIRCUIT 


zi 


FIGURE 6 - USING ENABLE PIN AS A HIGH SPEED 
INPUT PATH 


Th 
DRIVER 
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[Ly ssenee> UC1728 
== UNITRODE UC3728 
Dual Smart Switch 


FEATURES DESCRIPTION 
® Independent Floating Switches This IC performs load control and status monitoring for two inductive loads up to 1 amp each. 
© PWM Current Control Loads can be ground referenced, positive supply referenced, or floating, depending on the control 
A and monitoring desired. Load current regulation is provided by fixed off-time pulse-width 
Supply Voltages to 46V : modulation, so that efficient use of low-voltage inductive loads from higher supplies is practical. 
© Load Currents to 1A Digital status outputs indicate load off, load on, and overload conditions. Latching over-current 
*® Transparent Input Latches pepsi circuitry protects the Abas from — to. pose and bqpsiens loads. These parts are 
© Programmable Current Level available in ceramic or plastic dual-inline packages eremetic surface-mount chip carriers. 
© Three-State Status Outputs CONNECTION DIAGRAMS 
® Over-Current Latch _ 28 PIN-DIL (TOP VIEW) 
© Under-Voltage Lockout Nor J PACKAGE 
® Thermal Shutdown 
ABSOLUTE MAXIMUM RATINGS pi Salat 
269 SWITCH iN 2 
Vpp Voltage 2... cee een cece e meee ner c cc censeeveces 7V 25POVERCURRENT SENSE 2 
Voce VOitage 2. ccc cece eee cece eee ence reer ene 50V 
Switch Input Voltage .............4. weerohar ase Voc +0.3V 2A CURRENT SENSE:2 
Logic Input Voltage 6... cc eee c een eee e eee ees Vpp +0.3V : Sruik 2 
Switch Current, Per Channel .........2. cece eee eeeee 1.5A 20 on=m 2 
Operating Temperature, o 19,5 OUTPUT ENABLE | 
WON 728 oie ida: ose ceie-er ee eb ibieisie ewe le eaatnle 3 ~-55°C to +125°C 
WIGB7 28 aio scesirejo a elie eve Sis a8 ie wie dees ce Sree O°C to +70°C 
Storage Temperature ..........2- 2000s “se. -65°C to +150°C 
Power Dissipation at Tc = 70°C ......... ais Se sree eae eae 1wW 


BLOCK DIAGRAM 


OVERCURRENT 
sense 1L_ 


08svG O0.425v 


OVERTEMP 


9 
eo sre 
. NZ 
LQ SWITCH 
OUT 2 
' 
— ] OVERCURRENT 2 


CURRENT 
SENSE 2 


CHANNEL 2 
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as 


PWM Threshold FULL = 1 
; Current Sense Input: FULL = 0 


‘shown in a typical application driving a solenoid. 


UC1728 
UC3728 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply over — 55°C < Ta < + 125°C for the UC1728 
and 0°C <Ta <+ 70°C for the UC3728. Unless otherwise stated, Vpp = + 5V, Voc =+32V.)TA=TJ 


PARAMETER TEST CONDITIONS LIMITS 


Y' 
Vpp Enable Threshold - i 


a 


v 


> 


| ~ F 
3 8 ao 


Yop = 5.5V 
Voc = 46V 
Vin=OV 
Vos = 0V 

Vos = Voc 

45 <Vpp < 55 


Fault Threshold 13 < Voc < 46 
Overcurrent Sense Input 


Measured to Voc 


Vop Operating Range 


mV 
mV 
mV 


yaw | 
Pav 
mv | 
as] 
Lie = 
Pe 


FULL = 1 
FULL = 0 


ON Threshold 
Current Sense Input 
OFF Threshold FULL = 1 
Current Sense Input FULL =0 
Switch Drop 
1=1A 


§, = 88V, 59 = WV 
hoaic = 4A 
iuoaic = —4mA 

0 <Vioae <5V 
Rr = 90k Cr = ta 


APPLICATION INFORMATION 
In the adjoining figure, one half of the UC1728 is 


ps 
ps 
ps 


= = 2 = 
5 © 
| Fy BREE | Fe 


The solenoid current is set by current sense re- 


sistor Rg, and programmed by the FULL input +5 +32 
as per the following: : ; 

FULL = 1 IpEak = 1V/Rg 

FULL = 0 lpeak = 0.5V/Rg UC3728 * 


The solenoid current will charge up to the pro- (ONE CHANNEL SHOWN) 


grammed peak current at a rate approximately 
equal to: 

di/dt = Voc/L, where L is the load induc- 
tance 
and coast down at a slower rate for a fixed off- 
time of about: 

Torr = 0.69 Ry Cr - CONTROL 
The slower rate is determined by the series volt- 
age drop in the current sense resistor, the drop 
in the load resistance, and the Catch Diode volt- 
age working with the load inductance. Typical 
designs target the PWM frequency over 20 kHz 


to avoid audible noise. If the duty cycle is less 
than 50%, the PWM frequency will be controlled 


__ by the off time, and an appropriate off time will 


be around 20 ps. 
The overcurrent threshold is set by the fault re- 
sistor, Rr. The fault latch will trip when the cur- 
rent in that resistor reaches: 

lFAULT = 0.36V/Re 
The catch diode should be returned to ground 
rather than Rg so that load current always flows 
through Rg, making the status information con- 
tinuously valid through the PWM cycle. Return- 
ing the catch diode to ground also produces a 
more smooth voitage waveform on Reg, which 
lessens the potential of false triggering the 
PWM. 


Unitrode Integrated Circuits Corporation 


CATCH 
DIODE 


MONITOR CURRENT 
Rs SENSE 


RESISTOR 


0010-4 
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INTEGRATED 
CIRCUITS 


aan UNITRODE 
Thermal Monitor 


FEATURES 
® On-Chip Temperature Transducer 


© Temperature Comparator Gives 
Threshoid Temperature Alarm 


* Power Reference Permits Airflow 
Diagnostics 


® Precision 2.5V Power Reference 
Permits Airflow Diagnostics 


© Transducer Output is Easily Scaled for 
Increased Sensitivity 


* Low 2.5 mA Quiescent Current 


BLOCK DIAGRAM 


UC1730 
UC2730 
UC3730 


DESCRIPTION 


The UC1730 family of integrated circuit devices are designed to be used in a number 
of thermal monitoring applications. Each IC combines a temperature transducer, 
precision reference, and temperature comparator allowing the device to respond with 
a logic output if temperatures exceed a user programmed level. The reference on 
these devices is capable of supplying in excess of 250 mA of output current—by 
setting a level of power dissipation the rise in die temperature will Vary with airflow 
past the package, allowing the IC to respond to. airflow conditions. 


These devices come in an 8-Pin DIP, plastic or ceramic, or a 5-Pin TO-220 version. In 
the 8-pin version, a PTAT (proportional to absolute temperature) output reports die 
temperature directly. This output is configured such that its output level can be easily 
scaled up with two external gain resistors. A second PTAT source is internally 
referenced to the temperature comparator. The other input to this comparator can 


‘then be externally programmed to set a temperature threshold. When this temperature 


threshold is exceeded an alarm delay output is activated. Following the activation. of 
the delay output, a separate open collector output is turned on. The delay pin can be 
programmed with an external RC to provide a time separation between the activation 
of the delay pin and the alarm pin, permitting shutdown diagnostics in applications 
where the open collector outputs of multiple parts are wire OR’ed together. 


The 5-pin version in the TO-220 package is well suited for monitoring heatsink 
temperatures. Enhanced airflow sensitivities can be obtained with this package by 
mounting the device to a small heatsink in the airstream. This version of the device 
does not include the PTAT output or the open collector alarm output. 


REFERENCE 


THERMAL | AMPLIFIER 


COUPLING 


PTAT VOLTAGES 


5SmvV/°K 


TEMPERATURE = 


COMPARATOR 


3] ALARM 
: THRESHOLD SET 


ALARM 


BUFFER 


Pin numbers shown for 8-Pin DIP, () number for 5-Pin TO-220. 
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UC1730 
UC2730 
UC3730 


CONNECTION DIAGRAMS 


DIL-8 (TOP VIEW) 
N or J PACKAGE 


5-PIN TO-220 (TOP VIEW) 
T PACKAGE 


*V¥in 
ALARM DELAY 


——————— GND 


ALARM THRESHOLD SET 
2.5V REFERENCE 


ALARM DELAY L1j [8] ALARM THRESHOLD SET 


ALARM OUTPUT [2] 2.5V REFERENCE 


0008~2 


TAB IS CONNECTED TO GND 


ABSOLUTE MAXIMUM RATINGS 


input Supply Voltage, (+Vin) ..cis.ecc cece cece eens ees 40V Thermal Resistance Junction to Ambient 
Alarm Output Voltage (8-Pin Version Only) 2M ele, Satan 40V N, 8-Pin Plastic DIP eo res eeectia cis Bie Siac ae iaie ret’ 110°C/W 
Alarm Delay Voltage ........... cece ec en eee ebeceeeuees 10V J, 8-Pin Ceramic DIP ...... 2... e eer eee eee ees 110°C/W 
Alarm: Threshold Set Voltage Sse pede, Dost ae oes Ne os 10V T, 5-Pin Plastic DIP TO-220 ....... 2c eee eee eee eee 65°C/W 
2.5V Reference Output Current ...........0..2006 —400 mA Thermal Resistance Junction to Case 7 
Alarm Output Current (8-Pin Version Only) ae Ned 20 mA N, 8-Pin Plastic DUP pice coke ees ha Rea eee CeTS 60°C/ Ww 
Power Dissipation at T A= 1, ORE a ne Seed ees 1000 mW J, 8-Pin Ceramic DIP cae ois Oiee 300s Sea eens 40°C/ WwW 
Derate at 10 mW/°C Above 25°C : T, 5-Pin Plastic TO-220 ..........0. eee eee wereees 5°C/W 
Power Dissipation at Tg = 25°C...........0..000- 2000 mw Operating Junction Temperature .......... —55°C to + 150°C 
Derate at 16 mW/°C Above 25°C ; Storage Temperature ...............50 0s —65°C to + 150°C 


Lead Temperature (Soldering, 10 Seconds)............ 300°C 


Note: 1. Voltages are referenced to ground. Currents are’ positive into, 
negative out of, the specified terminals. 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for T; = 0°C to + 100°C for the UC3730, — 25°C to 
+ 100°C for the UC2730 and —55°C to + 125°C for the UC1730, + Viy = +5V, and PTAT— = 


OV.) TA=Ty 


INPUT SUPPLY : a i 
pwsev 


OverTemperatwre | 246 
Load Regulation * lout = 0 to 250 mA Po 
Line Regulation +Vin = 5to 25V i 


’ TEMPERATURE COMPARATOR ‘ 


at 300°K (26.85°C), * 
Conmesanoe tiveehoid Nominally 5 mV/°K, 1.478 10 
Vinput High to Low 


Temperature Error 


Output Leakage = 
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UC1730 
UC2730 
UC3730 


ELECTRICAL CHARACTERISTICS (Continued) (Unless otherwise stated, specifications hold for Tj. = 0°C to + 100°C for the 


UC3730, —25°C to + 100°C for the UC2730 and —55°C to + 125°C for the UCt 730, +Vin = 
PARAMETER 


+5V, and PTAT— =.0V.) Ta=Ty 
PTAT BUFFER (8-Pin N, or J Version Only) 


TEST CONDITIONS 
at 300°K (26.85°C), Vv 
Output Voltage Nominatly 5 mv/°K 
| . Vv 


ALARM BUFFER COMPARATOR (8-Pin N, or J, Version Only) j 
Alarm Delay Input 
Threshold Voltage (Vin) Low to High 


[“Tiveshois Hysteria Votage | Alam Delay Vatago > Vy 
[put eias Curont | Alarm Delay Votiago <Vin JY 
[“oupursatvotage | toyr=ama——SSSSSSdY Cas os 
[ouputueakage | Vora Pid tn 


Note: 2. This parameter is guaranteed by design and is not tested in production. 


Input Bias Current 
at PTAT — input 


APPLICATION AND OPERATION INFORMATION 
Scaling the PTAT Output (8-Pin Version Only) 


i] 
PTAT i‘ 
BUFFER 
‘ 5} OV 
PIAT ob er ; 
SOURCE = ‘ Re 
5 mV/°K ' Vour = 5 x (1+ 82) mvmx 
4 
6] (Recommended Range for R, is 2K to 4K) 
‘ Ro 
a 0008-3 
Vrer Maximum Output Junction Temperature Rise vs 


Current vs Input-Supply Airflow UC3730N (8-Pin Plastic Dip) 


g 
8 


5 


8 


8 


Veer OUTPUT CURRENT (mA) 
8 


JUNCTION TEMPERATURE RISE 


© 5S 10 15 20 25 30 35 
Vin (Y) 0008-4 AIRFLOW (FT/MIN) 0008-5 
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UC1730 

UC2730 

UC3730 
APPLICATION AND OPERATION INFORMATION (Continued) 


Setting a Temperature Threshold 


UC1730 : 


TEMPERATURE 
COMPARATOR / 
Temperature Threshold (°C) 


2.5V Ro 
=|(—]x — 273.15 
(=) Ry + Ro 


C, (OPTIONAL DELAY CAPACITOR) 
DELAYS.7R3C; 


2 ALARM. SIGNAL 
t 
i Note: For airflow monitoring a power dissipation level can 
‘ be set with a resistive load, R,, on the reference 
+ ' output. Pp = (+Viy — 2.5V)2/Ry. 
SUBS Se wes 
a 0008-6 
Dual Speed Fan Control 
owwnewe2e2aq : 3 
UC1730 ¢ 
2.5V 
TEMPERATURE Ry 
COMPARATOR 
a | 2v 
R & 
2 7) 
> a 
oO 
& 
z 
Q 
1) 
FAN CONTROL zl ov 
SIGNAL x Th Ty 
OV —» LOW SPEED 
2V -» HIGH SPEED 
TEMPERATURE 
0008-8 
0008-7 
2.5V Re 
PO) = x < 
Tu CC) = 5 aoe Ay + Re 273.15 
2.5V Rx 
10) = Zoey _ 273. 
TLC) 0.005 * Ay + Ax 273.15 
RaR3 
Where:. Ry = 
eK RS +Ra 


Unitrade Integrated Circuits Corporation 
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(Lf) seen 
man UNITRODE UC2950 


Half-Bridge Bipolar Switch 


FEATURES DESCRIPTION 


© Source or Sink 4.0A This device is a monolithic integrated circuit designed to provide high-current switching 
@ Supply Voltage to 35V : with low saturation voltages when activated by low-level logic signals. Source and sink 

@ High-Current Output Diodes - - switches may be independently activated without regard to timing as a built-in interlock 
¢ Tri-State Operation will keep the sink off if the source is on. 


@ TTL and CMOS Input Compatibility 
¢ Thermal Shutdown Protection 

@ 300kHz Operation 

@ Low-Cost TO-220 Package 


This driver has the high-current capability to drive large capacitive loads with fast rise 
and fal! times; but with high-speed internal flyback diodes, it is also ideal for inductive 
loads. Two UC2950s can be used together to form a full bridge, bipolar motor driver 
compatible with high frequency chopper current control.. 


ABSOLUTE MAXIMUM RATINGS TRUTH TABLE 

Supply Voltage Range, Vo....... cece eee e eee eee 8V to 35V 

Output Voltage Range, Vo ............ceeeee ee -3.0V to Vct3V Source Drive Sink Drive 
Input Voltage Range, VIN ...........-0.0e sees -0.3V to +7.0V Pin 2 Pin 5 


Peak Output Current (100ms, 10% DC) 
Continuous Output Current ................- 
Power Dissipation with Heat Sink ........... : 
: h 

Derate for tab Tc > 75°C 0... eee eee eee eee at nek 
Power Dissipation in Free Air ........ 0... cece ec eee eee eee 

Derate for Ta > 75°C ........ 2c cece eee Note: With no load, output voltage will be HIGH in the OFF state. 
Operating Temperature Range, Ta ...... -20°C to +100°C 
Storage Temperature Range, Ts............. -55°C to +125°C 


Low Low 


Low High 


CONNECTION DIAGRAM 


5-PIN TO-220 (TOP VIEW): 
T PACKAGE 


SINK DRIVE 


-———_—————— SOURCE DRIVE 
————_——_————> SUPPLY Ve 


SIMPLIFIED SCHEMATIC 


POWER TO 
(NTERNAL +Vc 
LOGIC 


SOURCE 
INPUT 


THERMAL 
SHUTDOWN 
| 4 | OUTPUT 


GROUND 
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UC2950 
ELECTRICAL CHARACTERISTICS (Unless otherwise stated, Vc = 35V, Ta =-20°C to +100°C, Vit = 0.8V, Vin = 2.4V for either input.) TA=Ty 


| PARAMETERS TEST CONDITIONS MIN. TYP. MAX. UNITS 

| Output Leakage to Ve Output Off 20 500 HA 

| Output Leakage to Ground Output Off -200 -500 pA 
Output Sink Saturation Vor, Iu = 2.0A 1.2 2.0 Vv 
Qutput Source Saturation (Vc-Vot), IL = -2.0A 1.2 2.0 Vv 
Sink Diode Forward Voltage Ip = -2.0A 1.4 2.0 Vv 
Source Diode Forward Voltage Ip = 2.0A 1.4 2.0 Vv 

1 


Input Current Either Input, V; = 5V 2 


0 00 
Input Current Either Input, V; = OV Ft -20 | -16 | 
10 20 


Supply Current Output Low 


uA 
mA 


SWITCHING CHARACTERISTICS (See Test Circuit. Ve = 12V, RL = 5Q, Ta = 25°C. Guaranteed by design, 
not 100% tested in production.) 


ss PARAMETERS MIN. TYP. MAX. UNITS 
Source Turn-On Delay, tar * : : 300 500 ns 
Source Turn-Off Delay, ta2 1.0 2.0 uS 
Sink Turn-On Delay, tag 200 400 ns 
Sink Turn-Off Delay, taa 100 300 ns 
Cross-Conduction Current Spike When Source 06 10 ne 
and Sink are Activated Together 


SWITCHING TEST CIRCUIT 


perssscs---- -————4 Ve=+12V 


; 4 SINK 
0.8V TO 2.4V 


Sus WIDE © SOURCE 
1.0kHz 
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UC2950 


Vin 


Woe SSeS SS 
SOURCE SOURCE 
DRIVE DRIVE 
Vit Vin 
a a 
t | 
SINK. | | 
DRIVE | 
Wee sieeeeese 
| | I I 
| | I | 
| | | \ 
Ve-Vear — — — es Ve 
OUTPUT WITH OUTPUT WITH i] | 
Ri TO GROUND Rt TO Ve \ \ 
| i 


Vsat 
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[U} Soquel UC3657 
an UNITRODE 


Triple Tri-State Power Driver 


FEATURES DESCRIPTION 
© Operating Supply Voltage to 32V The UC3657 triple power driver integrated circuit is well suited to driving three-phase 
© Load Current Capability to 3A motors, stepper motors, brush motors, inductors, incandescent lamps, resistive loads 


and long lines with controtled voltage slew rates. The UC3657 features minimum satura- 


® Built-In Thermal Protection tion voltage with light loads as well as low saturation voltage for loads in excess of 2A. 


¢@ Clamp Diodes Included for Driving s : : : E 
Inductive Loads Each output contains two clamp diodes to conduct transient currents from inductive 


: loads. The diode to Vcc is a fast, ow voltage-drop Schottky type, while the diode to 
© 25W Multiwatt® Power-Tab Package ~ ground isa slower P-N junction device. 
@ Individual Logic Inputs for Each Driver 


e Master Inhibit Input for Power-Down 
and Coast 


@ TTL/CMOS Compatible inputs 


The UC3657 is completely safe from destruction due to incorrect combinations of logic 
inputs. For best performance, however, it is recommended that the inputs are driven 
with logic signals that have transition times faster than 100nS. 


ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM 


Power Supply Voltage 

Logic Input Voltage 

Peak Output Current (each channel) High to Sink C 
Non-Repetitive 100uS ......... 00. c cence ener eee Low to Source C 


(Top View) 


iti High to Sink B 
Repetitive, 8mS on, 2mS off .. aw to-Source'S 
Continuous ............. ditieléresiatodetine des High to Sink A 

Total Power Dissipation, Tras = 75°C Eee te Source A 

Derate for Trap > 75°C... 6... cece ee Grognd 

Storage and Junction Temperature Positive Supply 

Output A 

Emitter Sense A 

Output B 
THERMAL DATA Emitter Sense B 


Output C 


‘ Emitter Sense C 
Thermal Resistance, Junction to Case................. 


Thermal Resistance, Junction to Ambient 


BLOCK DIAGRAM 


THERMAL 
SHUTDOWN 
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ELECTRICAL CHARACTERISTICS (0°C < Ta < 


UC3657 
70°C, Voc = 12V unless otherwise noted.) Ta=TJ 


PARAMETER 


CONDITIONS MAX. JUNITS 


Al, B1,Cl=H A2,B2,C2=L INH=L 


lec, Outputs High 


loc, Outputs Off 


Icc, Outputs Low 


Al,B1,Cl=L = A2,B2,C2=L INH=L 
Al,B1,Cl=L = A2,82,C2=H INH=L 


Icc, Chip Inhibited 


INH =H 


loc, One Output Low 2A A2,B2,C2 =H INH=L 
Vcc Range, Operating 
Turn-On Threshold 


Turn-Off Threshold 
Thermal Shutdown Temperature 
Thermal Recovery Temperature 
Logic Input Threshold 
Input Low Current; Al, A2, B81, B2, C1, C2 at 0.0V 
Inhibit Low Current; INH at 0.0V 
Input High Current; Al, A2, Bl, B2, C1, C2 at 3.0V 
Inhibit High Current; INH at 3.0V 
Output Low Voltage A2,B2,C2.=H INH=L | 100mA 
AE, BE, CE Grounded | 1A 
2A 
Output High Voltage, to Vec Al,B1,Cli=L INH=L 100mA 
A2, B2,C2=L 1A 
2A 


Propagation Delay, Off-High 


Test Circuit, Drive Al, B1, or Cl 


Propagation Delay, Off-Low 


Test Circuit, Drive A2, B2, or C2 


Propagation Delay, High-Low 


Test Circuit, Drive Al+A2, B1+B2, or C1+C2 


Propagation Delay, Low-High 


Test Circuit, Drive Al+A2, B1+B2, or C1+C2 


Propagation Delay, High-Off 


Test Circuit, Drive Al, B1, or Cl 


Propagation Delay, Low-Off 


Test Circuit, Drive A2, B2, or C2 


Propagation Delay, Low-Inhibit 


Test Circuit, Drive INH 


Propagation Delay, Inhibit-Low 


Test Circuit, Drive INH 


Propagation Delay, High-Inhibit 


Test Circuit, Drive INH 


Propagation Delay, Inhibit-High 


| Test Circuit, Drive INH 


Output Slew Rate, Output Rising 


100Q Load to GND; Drive Al+A2, B1+B2, or C1+C2 


Output Slew Rate, Output Falling 


1009 Load to Vcc; Drive Al+A2, B1+B2, or C1+C2 


Output Leakage Current 


INH = H, Voc = 32V, OV < Vout < 32V 


High-Side Diode 2A Drop 
Low-Side Diode 2A Drop 
PROPAGATION DELAY TEST CIRCUIT 


Connect only one channel at a time. 


+o 


INH =H 
INH =H 


+5V +5V +12V 


+12V 


DEVICE a 
UNOER eo 
TEST C 


1000pF 


UC3657 


TYPICAL CHARACTERISTICS, 25°C, 12V 
* Saturation Voltage 


Diode Voltage 


Vsat (V) 
Voiove (V) 


Sinking 
Driver 


0.5 10 15 2.0 
LOAD CURRENT — (A) 


DIODE CURRENT 


LOGIC TRUTH TABLE 


L means input vaitage < 0.8V. 

H means input voltage > 2.0V. 

Off means output is high impedance. 

Low means output is low impedance to “£.” 

High means output is low impedance to “Vcc.” 

X means input voltage will not affect the output (don’t care). 


EQUIVALENT INPUT CIRCUIT 


TYPICAL APPLICATIONS 


* UC3657 


DC BRUSH MOTOR DRIVER WITH FAULT LATCH 


FROM 
CONTROLLER 


Oc MOTOR 


FROM 
CONTROLLER 


FAULT 


CLEAR 


DC Brush Motor Driver with Fault Latch 


This application features a fault latch to detect.a shorted wire, 
stuck rotor, or other problem that can cause current to exceed 
some threshold. A single sense resistor is used with a voltage 
comparator to detect this fault. Emitter. resistor “A” is used to 
sense total low-side current, and inhibit all devices in the event 
that current exceeds a threshold. Resistor “B” sets the compara- 
tor threshoid, and a set-reset flip-flop latches the error signai to 


BRUSHLESS MOTOR DRIVER 


‘Vee 
UC3657 


LOGIC 
INPUTS 


Unitrode Integrated Circuits Corporation 


POSITION 
SENSORS 


prevent oscillation. Matched RC filters on the comparator inputs 
allow operation close to threshold with good supply-noise 
rejection. 


To achieve high currents, UC3657 outputs have been paralleled. 
This is practical within the device current and power ratings, 
according to the derating specification for the package. 


MECHANICAL DATA 


VH Package 


7 Continental Boulevard. ¢ P.O. Box 399 * Merrimack, New Hampshire * 03054-03399 
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6-63 


INTEGRATED 
CIRCUITS 


aan UNITRODE 
Bridge Transducer Switch 


UC3704 COMPATIBLE SENSORS 


SENSOR TYPE ACTIVATION SOURCE 


Thermistor 


Thermocouple 


Semiconductor 
Photo Voltaic 


xX 
[ Photo Resistive | | | | x 
x 


Piezoelectric 


xX 
| Magneto Resistive | | | | 
[inductive | | | 
| | 
| 


Hall Effect 


BLOCK DIAGRAM 


CURRENT SET 


Gl 


REF 
REGULATOR 


DRIVES BUFFER 


Vaer [s}-—_____+ 
ey 


CURRENT QUTPUT 


UC3704 


FEATURES 
e@ Dual matched current sources 


¢ High-gain differential sensing circuit ; 
e Wide common-mode input capability 


¢ Complimentary digital open-collector 
outputs 


e Externally programmable time delay 

¢ Optional output latch with reset 

© Built-in diagnostic activation 

@ Wide supply voltage range 

e High current heater power source driver 


DESCRIPTION 

This integrated circuit contains a complete signal conditioning 
system to interface low-level variable impedance transducers to a 
digital system. A pair of matched, temperature-compensated cur- 
rent sources are provided for balanced transducer excitation fol- 
lowed by a precision, high-gain comparator. The output of this 
comparator can be delayed by a user-selectable duration, after 
which a second comparator will switch complimentary outputs 
compatible with all forms of logic. This output section can be 
separately activated for diagnostic operation and has an optional 
latch with external reset capability. An added feature is a high 
current power source useful as a heater driver in differential 
temperature sensing applications. The UC3704 is designed for 0°C 
to +70°C environments. 


COMP 2 THRESHOLD 


Q OUT IS HIGH WHEN 
COMP 2 IN (+) > THRESHOLD (-) 


Qour 


Qour 


COMP 2 RESET REMOTE 
INPUT ACTIVATE 


ABSOLUTE MAXIMUM RATINGS 


Buffer Power Source Current 
Comparator 1 Inputs ... Wavisds Saw GoNg eeOERS RUNS OLE E SS 
Comparator 2 Inputs .......... 0. cc cece cece eceuce 

Remote Activation and Reset Inputs , 
Power Dissipation at Ta = 25°C 2.0.00... occ cece cece cece cs ceceuevenecnecccces 1000mw 

Derate at 10mW/°C for T, > 50°C - 

Operating Junction Temperature . 
Storage Temperature Range .............. 
Lead Temperature (Soldering, 10 Seconds) .. 


NOTE: Unless otherwise specified, all voltages are with respect to ground (Pin 1). 
Currents are positive into, negative out of the specified terminal. 


0 to 5.5V 


UC3704 


CONNECTION DIAGRAM 


DIL-16 (TOP VIEW) 
Jor N PACKAGE 


GROUND [2] 


BUFFER SET | 2 


BUFFER 
DRIVE 


+Vin L4 


Veer [5] 
CUR. SET 1 [6] 


CUR. OUT 1 


CUR. SET 2 [B] ‘[9] cur. out 2 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for T, = 0°C to +70°C for the UC3704; Viy = 15V) 


Ta=Ty 


PARAMETER 


TEST CONDITIONS 
Power Inputa 

Supply Voltage Range 

Supply Current 

Reference Saction (with respect to Vin) 


fe re ee ee ON OG. 
Versys 0 ma 


[min [tve._| max. ] unrrs 


Short Circuit Current Vaer = Viv of Ground 


Vaer Value [Vw ~ Vacr | Ts = 25°C 2.3 V 

Veer Temperature Coefficient Note 1 w=] -2 -3 mv/°C 

Line Regulation AVin = 4.2 to 25V 2 10 mV 

Load Regulation Alo = 0 to 4mA a ee ee mV 
Vin = 36V 


Current Sources (Q; and Q2) 


Current Set = 10uA 


Output Current (Note 2) 


Current Set = 200uA 
Ree = Res = 20KQ 


Output Offset Current 


Comparator One 


Input Offset Voltage i 
' Input Bias Current : 


Input Offset Current 
CMRR 
Voltage Gain 


Vem = 0 to 12V 
Ri > 150KQ 


| Delay Current Source 


Overdrive = 10mv, 


Output Rise Time Co = 15pF, Ty = 25°C 
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ELECTRICAL CHARACTERISTICS 


UC3704 


(Unless otherwise stated, these specifications apply for T, = 0°C to +70°C for the UC3704; Viy = 15V) 


Ta=TJ 
PARAMETER TEST CONDITIONS MIN. | TYP. MAX. | UNITS 
Comparator Two (Qour and Qour) : 
Threshold Voltage ; [22 [ 30] 38] vi | 
Threshold Resistance To Ground f 14 | 20 | 24 [ Ka | 
Input Bias Current Vin (Pin 12) = 5V 1 3 
Remote Activate Current Pin 14 = OV 0.2 0.5 
Reset Current Pin 13 = OV rT oe | 05 | mA 
Remote Activate Threshold Ta = 25°C ELE ee 
Reset Threshold Ta = 25°C fos | 12] fv 
. lour = 16mA 0.2 0.5 Vv 
Output Saturation 
lour = 50mA 0.7 2.0 Vv 
| Cutout Leakage Vout = 40V = 0.2 10 pA 
Output Response pore hia aN pense - us 
Buffer 
| Set Voltage (Vin - Vs) T, = 25°C, Is = 100mA 19 | 21 | 23 V 
Drive Current 


Note: 1. Parameter guaranteed by design, not tested in production. 


Vin — Vrer— Vee w 1.5V 


2. Collector output current = 
Re Re 


APPLICATIONS INFORMATION 


Sensor Section 

The input portion of the UC3704 provides both excitation and 
sensing for a fow-level, variable impedance transducer. This 
circuitry consists of a pair of highly matched PNP transistors 
biased for operation as constant current sources followed by a 
high gain precision comparator. 


The reference voltage at the bases of the PNP transistors has a TC 
to offset the base-emitter voltage variation of these transistors 
resulting in a constant voitage across the external emitter 
resistors and correspondingly constant collector currents. With 
the emitter resistors external, the user has the option of tailoring 
the collector currents for balancing, offsetting, or to provide a 
unique temperature characteristic. 


With the PNP transistors’ optimum current ranging from 10 to 
200uA, and the cormmon-mode input voltage of the comparator 
usable from ground to (Vin - 3V), a wide range of transducer 
impedance levels is possible. 


Ty = 25°C, Rs = 2009, Vp = OV 90 100 120 mA 


The sensor comparator has a current source pull-up at the output 
so that an external capacitor from this point to ground:can be used 
to provide a programmable delay before reaching-the second 
comparator’s threshold. The low-impedance on-state of Comp 1’s 
output provides quick reset of this capacitor. This programmable 
delay function is useful for providing transient protection by 
requiring that Comp 1 remain activated for a finite period of time 
before Comp 2 triggers. Another application is in counting 
repetitive pulses where a missing pulse will allow Comp 1's output 
to rise to Comp 2's threshold. This time delay function is: 


Delay = Comp 2 Threshold x ¢, ~ 175 ms/yF 
Delay Current 


lf hysteresis is desired for Comparator 1, it may be 
accommodated by applying positive feedback from the delay 
terminal to the non-inverting input on Pin 7. This wil! aid in 
providing oscillation-free transitions for very slowly changing 
inputs. 


Output Section 

The output portion of the UC3704 is basically a second 
comparator with complimentary, open-collector outputs. This 
comparator has a built-in, ground-referenced threshold 
implemented with a high-impedance Current source and resistor 
so that it may be easily overridden with an external voltage source 
if desired. Comp 2's input transistors are NPN types which require 
at least 1V of common-mode voltage for accurate operation and 
should not see.a differential input voltage greater than 6V: 


For diagnostic or latching purposes, the output logic is equipped 
with a Remote Activate and Reset function.. These pins have 
internal pull-ups and are only active when pulled low below a 
threshold of approximately 1V. A low signal at the Remote Activate 
Pin causes the outputs to change state in exactly the same 
manner as if Comp 2’s input is raised above the threshold on Pin 
11. {f Pin 16 is connected to Pin 14, positive feedback results and 
the outputs will latch once triggered by Comp 2's input. Pulling the 


Typical Application For Monitoring Liquid or Gas Flow 


UC3704 


Reset terminal tow overrides the Remote Activate Pin releasing 
the latch. 


Reference Buffer 

This circuit is designed to provide up to 100mA to drive a high- 
Current external PNP transistor useful for powering a heater for. 
differential temperature measurements. Care must be taken that 
power dissipation in Qs does not cause excessive thermal 
gradients which will degrade the accuracy of the sensing circuitry. 


Using a heating element attached to a temperature sensitive 
resistor, RS1, in one leg of the input bridge implements a flow 
sensor for either gasses or liquids. As long as there is flow, heat 
from the element is carried away and the sensor voltage remains 
below threshold. Using an identical sensor, RS2, without a heater 
to establish this threshold compensates for the ambient tempera- 
ture of the flow. 


+Vin 


15] Qour 


Qour 


a 


INPUT SENSOR SECTION —— 


14 
REMOTE 
ACTIVATE 


OUTPUT SECTION 
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[LJ] smeces= UC3722 
aun UNITRODE : 
Five-Channel Programmable Current Switch 


FEATURES 
© Five Current-Sinking Switches 
®@ Peak Current Programmable from 0.5 


to 2.5A 


® Internal Current Sensing 

© Low-Saturation Outputs Can Block 40V 
© TTL Compatible tnputs 

® Diagnostic Signal Detects Open Load 


or Inoperative Switch 


® Thermal Sensor Detects Excessive 


Chip Temperature 


© High Power Multiwatt® or Standard DIP 


Packages ~ 


BLOCK DIAGRAM 


UC3722 
FIVE CHANNEL CURRENT SWITCH 


DESCRIPTION 

This high-power monolithic circuit consists of five identical, low-side, high-current 
switches. plus a common programmable circuit which sets the peak current limit for all 
five channels. This current limit threshold—which immediately latches off.the power 
switch when reached—can be programmed over a range of 0.5 to 2.5A. Each switch - 
channel also contains a diagnostic circuit which compares the output response to the 
input command and provides, ona single fault-sense pin, an indication of a 
malfunction in either state of any switch. Finally, there is a temperature sensing circuit 
which switches on when the chip temperature exceeds a value of approximately 
160°C. This circuit does not cause shutdown, but provides an indication to the user of 
an over-temperature condition. 

Each current switch is a high-gain grounded-emitter NPN Darlington power device with 
internal current sensing. This switch is off with the input low and switches on with an 
input voltage above a two volt threshold. If the current through the switch increases to 
a value greater than that programmed by the current adjust pin, the switch will be 
immediately latched off regardless of the input command. Lowering the input signal 
below threshold will reset the latch allowing the switch to turn on again with the next 
positive excursion of the input. 

The UC3722 is ideal for driving multiple inductive loads such as printer-hammers or 
stepper motor phases to control peak current while providing maximum voltage across 
the coil. {In the Multiwatt package, this device is able to handle up to 25W of internal 
power dissipation while the DIP package, with only one watt capability, should be 
considered only for low current and/or low duty cycle applications. 


CURRENT 
THRESHOLD 
ADJUST 


LOGIC THERMAL 
SUPPLY SENSE 


Note: Pin numbers shown for Multiwatt Package 


Multiwatt® is a registered trademark of SGS Corporation. 
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ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAMS 
Collector Supply Voltage,Vc ......... Rocha ecnrstariove W'ehheele +40V 
Peak Collector Current, Ig vr Lone VIEW) 
Logic Supply Voltage, Voc 
Fault and Thermal Sense Voltage ..........:........5 +40V 
Fault and Thermal Sense Current.................. +20 mA 
Input Signal Voltage, Viyj..............00.00. —0.3 to +7.0V 
Current Set Voltage ..... 2... eee cece eee 0 to Voc 
Multiwatt Power Dissipation (Ttag = +75°C)......... +25W CIN 
Derate for Tab Temperature > +75°C ........+0.3 W/°C THERMAL SENSE 
Dual-In-Line Power Dissipation (Ta = +25°C)........ +1.0W M 
Derate for Ta > +28°C..... cic ce eee +10 mW/°C 
Operating Junction Temperature .......... —55°C to + 150°C 
Storage Temperature .................... —65°C to + 150°C 
Lead Temperature (Soldering, 10 Seconds) ......... +300°C 
THERMAL DATA 
Multiwatt Thermal Resistance, a 
Junction to Case, 036 .. 0... eee cece eee ence eee +3°C/W Tab connected to Pin 8 
Multiwatt Thermal Resistance, Note: Available also in V Package. 
Junction to Ambient, Oya ......... 00... cee ee eae +35°C/W 
Plastic DIL Thermal Resistance, DIL (TOP VIEW) 
Junction to Case, Ojo «6.6... eee ec eee eee +50°C/W N PACKAGE 
Plastic DIL Thermal Resistance, 
Junction to Ambient, Oj .............. eee +100°C/W [16] CURRENT SET 


THERMAL SENSE [2] 115] FAULT SENSE 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = 0°C to + 70°C; Voc = +5V, 
Vo = +35V, Vos = Veco = +5V) Ta=Ty 


PARAMETER 


Supply Current 

Thermal Sense Leakage 

Thermal Sense Saturation* 

Fault Sense Leakage 

Fault Sense Saturation 

Current Set Input Bias 

Thermal Sense Activation* 
Note: The following specifications apply to each channel tested separately 


TEST CONDITIONS 
= 5V 
Vrs = 40V 
Its = 5mA 
- Veg = 40V 


Vos = 5V 


Turn-On Delay* See Test Circuit 
Turn-Off Delay” eo 


*This parameter not 100% tested in production 


APPLICATION NOTES 


1. 


2. 


All threshold levels are developed from, and are therefore 
proportional to, Vcc. : 
Ground is common to all switches and the package heat 
sink. Switch overlap is allowable but only if the heat sink is 
electrically connected to a high-conduction ground. In other 
words, ground current above 3 amps should go through the 
heat sink rather than pin 8. In the DIL package, maximum 
peak ground current should be limited to 6 amps. 


. For efficient switching, input signals should have fast tran- 


sitions (100 ns, or fess). 


. The Current Set input is referenced to Voc and is intended 


for operation with a Set voltage ranging from Voc down to 
(Vcc — 1.5) volts at which point the switch current is 
clamped to its minimum value. Reducing Vcg below (Vcc 
— 1.5) volts will saturate the Current Set internal amplifier 
and cause the switch cutrent clamp to increase back to its 
peak value. 


SIMPLIFIED INPUT CIRCUITRY (Each Channel) 


Peak Switch Current 
Adjustment 


PEAK SWITCH CURRENT=AMPS 


2.5 


0 05 #10 1.5 


2.0 
CURRENT SET VOLTAGE, (Voc~Ves) 
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UC3722 


5. The Fault Sense logic will indicate a fault by pulling low on 


its open-collector output. Multiple units can be wire-ORed 
together merely by connecting together to a common. pull- 
up. The truth table logic is the following: : ; 


a et et 
Vin.> 2.7V High (Good) Low (Fault) 
_- Low (Fault High (Good) 


The Fault Signal may need to be externally strobed since, 
due to switching delays, there will be a short fault condition 
with every signal transition. In addition, if the current sens- 
ing circuit latches the output off while the input remains 
high, this will show as a fault state. 


6. The Thermal Sense output is also open-caliector so it can 


be wire-ORed with other circuitry. The sense circuit has ap- 
proximately 15° of hysteresis (switch on at approximately 
160°C; off at approximately 145°C). 


0003-4 


Voltage 


SWITCH SATURATION VOLTAGE=V 


SWITCH CURRENT—AMPS 


UC3722 


TEST CIRCUIT 


° Veco = 5-40V 
Veo = SV” cc 


naar eR =100 


CHANNEL UNDER TEST § 1N4002 L=300 un 


FAULT 
MONITOR 
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INTEGRATED 
CIRCUITS 


aun UNITRODE 
Octal Line Driver 


FEATURES 

® Eight Single Ended Line Drivers in One 
Package 

© Meets EIA Standards RS-232D and 
RS-423A and CCITT V.10/X.26 


® Single External Resistor Controls Siew 
Rate 

© Wide Supply Voltage Range 

® Tri-State Outputs 

® Output Short-Circuit Protection 

® Low Power Consumption 


DESCRIPTION 


supply variations. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


V+ (Pin 20) 
V- (Pin 11) 
PLCC Power Dissipation, Ta = 25°C 

Derate at 10 mW/°C for Ta above 50°C 


Thermal Resistance, Junction to Ambient ........ 100°C/W 
DIP Power Dissipation, Ta = 25°C ................ 1250 mW 

Derate at 12.5 mW/°C for Ta above 50°C 
Thermal Resistance, Junction to Ambient.......... 80°C/W 
Input Voltage ......... cece eee cee eee eee —1.5V to: +7V 
Output Voltage ............ 0... cece eee eee —12V to + 12V 
2k to 10 kN 


Slew Rate Resistor................ 0.00. ese e ee 
—65°C to + 150°C 


Note: 1. All voltages are with respect to ground, pin 18. 


CONNECTION DIAGRAMS 


UC5170C 


The UC5170C is a octal single ended line driver suited for use in digital data 
transmission systems where signal wave shaping is desired. The output slew rates are 
jointly controlled by a single external resistor connected between SRA (slew rate adjust) 
and ground. The slew rate and output levels (RS-423A mode) are independent of power 


RS-423A and RS-232C selection is easily accomplished by taking the mode select 
pins (Mg + and Mg—) to ground (RS-423A) or to their respected supplies (RS-232C). 


Inputs are compatible with TTL and MOS logic families and are diode-protected 
against negative transients. 


FUNCTIONAL TABLE 


INPUTS OUTPUTS 
| EN | DATA RS-232C(2) RS423A 
1 


a SV to 6V 
feed 
x 
Note: 2. Minimum output swings. 


Q PACKAGE (TOP VIEW) 


A, NC Ho H, G 


SRA NC NC NC NC MS= GND 
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AC PARAMETER TEST CIRCUIT AND WAVEFORMS 


+10V 


ENABLE 


OOUTPUT 


0015-3 


AC CHARACTERISTICS 


Driver Slew Rate ‘ 


12,50 


10,00 


7.50 


5.00 


"SLEW RATE V/us 


i?) 2.00 4.00 6.00 8.00 10.00 


RsrakQ m4 
ans 0015-5 


APPLICATIONS INFORMATION 


Slew Rate Programming 


Slew rate for the UC5170C is set up by a single external resis- 
tor connected between the SRA pin and ground. Slew-rate 
adjustments can be approximated by using the following for- 
mula: 


20 


SRA 

The slew rate resistor can vary between 2k and 10 kf. which 
allows slew rates between 10 to 22 V/ps, respectively. The 
relationship between slew rate and Rsgpa is shown in the typi- 
cal characteristics. 


Waveshaping of the output lets the user control the level of 
interference (near-end crosstalk) that may be coupled to adja- 
cent circuits in an interconnection. The recommended output 
characteristics for cable length and data rates can be found 
in EIA standard RS-423A. Approximations of these standards 
are given by the following equations: 


V/ps = R (Rspra in ka) 
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OUTPUT 


~ Vin =5V 
tiz tz. 
0015-4 
Driver t, & t¢ (10-90%) 
RS-423A Mode 
” 
x 
ly 
= 
= 
z 
fe} 
= 
"n 
z 
< 
oe 
— 
0 2.00 4.00 6.00 8.00 10.00 
RsrakQ 
0015-6 


Max. Data Rate = 300/t (For data rates 1k to 100k bit/s) 
Max. Cable Length (feet) = 100 x t (Max. length 4000 feet) 


where t is the transition time from 10% to 90% of the output 
swing in microseconds. For data rates below 1k bit/s t may 
be up to 300 microseconds. 


Output Vottage Programming 

The UC5170C has two programmable output modes, either a 
low voltage mode which meets RS-423A specifications, or the 
high output mode which meets the RS-232C specifications... 
The high output mode provides greater output swings, mini- 
mum of 3V below the supply rails, for driving higher, attenuat- 
ed lines. This mode is selected by connecting the mode se- 
lect pins ta their respected supplies, Ms+ to V+ and Mg_ to 
wey 


The low output mode provides a controlled output swing and 
is accomplished by connecting both mode select pins to 
ground. 


uC5170C 


DC ELECTRICAL CHARACTERISTICS (Unless otherwise stated these specifications hold for |V+| = |V—| = 10V, 
0 <Ta < +70°C,Ms+ = Ms- = OV, Rgra = + 10k) TA=Td 


PARAMETER . ~ SYMBOL TEST CONDITIONS | wn [rye | omax | UNITS 
POWER SUPPLY REQUIREMENTS 
i+ Ri, = Infinite En = OV 
Ri = Infinite En = OV 


High Level 
Output Voltage 
(RS-423A) 


Low Level 
Output Voltage 
(RS-423A) 


Vin = 0.8V Ry, = Inf. 


High Level 
En =0.8V  R, = 3k 


Output Voltage 
(RS-232C) 


Low Level 
Output Voltage 
(RS-232C) 


Off-State 
Output Current 


Vin = 2.0V PR, = Inf. 
En=08V  R, = 3k 
Ms+ = V+,Ms— = V~ 
En = 2.0V,Vo = +6V 
Vt = 15V,V~- = —15V 


loz 


t R = 2k 
4 tl t SRA 
eee ~PL= 450, CL = 50 pF 


Rsra = 10k 

Output Slew Rate A, = 450, C, = 50 pF 
Propagation Output Rsra = 10k, 

to High Impedance _ Ry = 450, C, = 50 pF 
Propagation High Rsra = 10k, 

. Impedance to Output ter RU: = 450, C_ = 50 pF 


6-74 © 


UC5170C 


APPLICATIONS 


eee meeeee em seeeeaseerasa eeeeweenwereermeoecee=n4 


RS232D/RS423A 
DATA TRANSMISSION 


Zz 

a] 

ic 

a 

O 

eweceeccce 

1 + 
<< 


1/8 
UC5180C 


PE i] a 
ENABLE ( H 
¢ TWISTED PAIR ¢ ft STE TO 
= 4 1 = FoR Rs252¢ 
V- ' FLAT CABLE ' R 
a . 
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CIRCUITS 
aa UNITRODE 
Octal Line Receiver 


[LI] INTEGRATED UC51 80C 


FEATURES DESCRIPTION 
© Meets EIA 232D/423A/422A and The UC5180C are octal line receivers designed to meet a wide range of digital 
CCITT V.10, V.11, V.28 communications requirements as outlined in EIA standards 232D, RS422A, and CCITT 
® Single +5V Supply—TTL Compatible V.10, V.11, V.28, X.26, and X.27. The UC5180C includes an input noise filter and is 
Outputs intended for applications employing data rates up to 200 Kb/s. A failsafe function allows 
these devices to “fail” to a known state under a wide variety of fault conditions at the 


® Differential Inputs withstand +25V 


| inputs. 

© Low Open Circuit Voltage for Improved 

Failsafe Characteristic 
® Reduced Supply Current—35 mA Max 
® Input Noise Fitter (UC5180C only) 
® Internal Hystersis 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage, Vog -. eee cee eee cece eee cee erence ra 
Output Sink Current 2.0... cc ccc eee cence eees 50 mA 
Output Short Circuit Time 2.0.6... cece cece eee eee eee 1 Sec 
Common Mode Input Range .........c cece cece een eees 15V 
Differential Input Range ....... 0... cece eee ence eee 25V 
Failsafe Voltage 20... ec eee eect cece eee eens -0.3 to Voc 
PLCC Power Dissipation, Ta = 25°C ............64. 1000 mW 

Derate at 10 mW/°C for Ta above 50°C 

Thermal Resistance, Junction to Ambient .......... 100°C/W 
DIP Power Dissipation, Ta = 25°C ........ eee eee 1200 mW 

Derate at 12.5 mW/°C for T, above 50°C 

Thermal Resistance, Junction to Ambient ........... 80°C/W 
Storage Temperature Range ................ -65°C to +150°C 
Lead Temperature (Soldering, 10 Seconds) ........... -300°C 


Note 1. All voltages are with respect to ground, pin 8. Currents are 
Positive into, negative out of the specified terminal 


CONNECTION DIAGRAMS 


28 PIN DIL 28 PIN PLCC 


A, At AH Veg Hy 


‘lett 
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DC ELECTRICAL CHARACTERISTICS (Uniess otherwise Stated, these specifications apply for Ta = 0°C to-+70°C; Voc = 5V 


+5%, Input Common Mode Range +7V) TA=Ty 
PARAMETER SYMBOL TEST CONDITIONS 
IDC input Resistance [ An | 


Inputs Open or Shorted Os lout < 8MA, Veai_sare = OV 
Failsafe Output Voltage - Vors_ }Together, or One Input Oz! = 
lout = — 400 pA, 27 
Differential Input High’ Vin Vout = 2.7V, lour = —440 pA Rg = 0 (Note 2) ‘ 
hreshold ; (See Figure 1) ; Rg = 500 (Note 2) 


Differential Input Low Vy Vout = 0.45V, loyt = 8mA Rg = 0 (Note 2) 
hreshold (See Figure 1) Rg = 500 (Note 2) 
Fg = OV oF Voc (See Figure 1) 


High Level Output Voltage Vip = 1V, lout = —440 pA 


Low Level Output Voltage | Vo. ee 3) Vv 
louT = 8 mA 


Short Circuit Output Current! | tos _| 


input Current Other Inputs Grounded Mines LOY 
Vie = —10V 


Notes: 2. Rg is a resistor in series with each input. 
3. Measured after 100 ms warm up (at 0°C). 
4. Only 1 output may be shorted at a time and then only for a maximum of 1 sec. 


oH 


_[|58 


Nn 


oS 
eS 


3.2! 


BE 
H 


Vu 


2 


+—+ t——+ —e 
Vy Yin; 9 Vp Ving YIN 


0014-3 
Figure 1. Vt), Vin, Vx Definition 


AC ELECTRICAL CHARACTERISTICS (Voc = 5V +5%, Ta = 0°C to +70°C, Figure 2) TA=Ty 
PARAMETER 


INPUT 


OUTPUT 50% 


0014-5 


0014-4 
Figure 2. AC Test Circuit 
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APPLICATIONS INFORMATION 


Failsafe Operation - 

These devices provide a failsafe operating mode to guard 
against input fault conditions as defined in RS422A and 
RS423A standards. These fault conditions are (1) driver in 
power-off condition, (2) receiver not interconnected with driv- 
er, (3) open-circuited interconnecting cable, and (4) short-cir- 
cuited interconnecting cable. If one of these four fault condi- 
tions occurs at the inputs of a receiver, then the output of 
that receiver is driven to a known logic level. The receiver is 
programmed by connecting the failsafe input to Voc or 
ground. A connection to Vcc provides a logic “1” output un- 
der fault conditions, while a connection to ground. provides a 


EIA 232D/V.28 DATA TRANSMISSION 
RS 423A/V.11 


RS 422A/V.11 DATA TRANSMISSION 


RS422A/V.11 


LINE 
DRIVER 


Unitrode Integrated Circuits Corporation 


i) + 
<< 


UC5180C 


logic “O”. There are two failsafe pins (Fg; and Fg) on the 
UC5180C where each provides common failsafe contro! for 
four receivers. 


Input Flitering (UC5180C) 

The UC5180C has input filtering for additional noise rejection. 
This filtering is a function of both signal level and frequency. 
For the specified input (5.5 MHz at +500 mV} the input stage 
filter attenuates the signal such that the output stage threshold 
levels are not exceeded and no change of state occurs at the 
output. 


UC5180C 


© VFAILSAFE 


TIETO — 
GROUND 
FOR EIA 2320/V.28 0014-8 


Vec 
© 
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INTEGRATED 
CIRCUITS 


aa UNITRODE 
Device Temperature Management 


All circuit components will dissipate some power while operating and this causes their temperature to rise. 
Unitrode integrated circuits are designed to handle a considerable range of temperatures, but there are 
limits. Each part is characterized for a particular temperature range, and the user must see to it that the 
specified limits are not exceeded. This brief note will give a few hints on how to do this. 


With the power turned off, all components of a given circuit will be at the same temperature as the ambient 
air (assuming, of course, that sufficient time has elapsed for all differences to settle). With the power on, the 
various components will be warmed up due to their internal power dissipation, until a new state of equilibrium 
is reached. In this state, some devices may be better than others, and the air temperature will also be higher 
than before, but for each device it will be true that the amount of heat generated internally is equal to the 
amount of heat removed by the air. In the case of an |.C., for example, heat transfer occurs between the 


device’s case and the air, as well as by conduction through the P.C. board, or heatsink, and from there to 
the air. 


Since all the heat is generated at the silicon chip, it is safe to assume that the chip must be hotter than the 
IC case; the case must be hotter than the air, or board, or heatsink; and the board or heatsink must be hotter 
than the air. In short, heat flows downhill, from points of higher temperature to cooler spots. 


The rate of heat flow depends on the temperature difference (AT) between the two end points, and also on 
a quantity called "thermal resistance," which is represented by the symbol 6. Heat is a form of energy, and 


if we choose the joule as the measuring unit, we can specify the rate of heat flow in units of joules per second. 
Therefore, 


Rate of heat flow = at [joules per second ] 
and since joules per second is the same as watts (W), we have 
AT. 
0= Ww [°C per watt] 


The quantity 6 defines an important property of materials, with the better thermal conductors having the 
lowest 6 values. Since IC chips must be protected by a variety of packages, it is important for the user to 
know the thermal resistance @ of each type of package, in order to make certain predictions about the thermal 
behavior of the device in his circuit. 


Table 1 shows the following 6values for Unitrode IC packages: 
Osc: thermal resistance from chip junction to case. 
Qa: thermal resistance from chip junction to air. 


The values of @Jc and 6ya given in the table are not necessarily exact numbers, but rather conservative ones, 
so that by using them, you will tend to err on the side of improved reliability. 


You will have noticed that Equation (1) is a sort of “thermal Ohm's law", and that if you know any of the 
quantities involved, you can calculate the third. With the 6 values given in Table 1, you can always calculate 
the junction temperature by measuring the net input power to the IC. 


Now, consider a device such as the UC3620. The data sheet gives us the following Absolute Maximum 
Ratings: 


Total Power Dissipation 


Ci 15 Ol as ne Sac ate Darn eee ee 25W 
Storage &JunctionTemp ..... +40°C to + 150°C 
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Packaging Information 


UICC PACKAGE RATINGS 
PACKAGE | 
PACKAGE #PINS DESCRIPTION meCree ee 
D,DW 14,16,20 SO-IC { N/A : 150 
G 3 TO-257 Non-lsolated Tab 3.5 | 42 
H 3 TO-39, TO-5 20 | 130 
IG 3 TO-257 Isolated Tab 4.0 42 
J 8 Ceramic DIP 40 130 
J 14 ; Ceramic DIP 30 80 
J [ 16 Ceramic DIP 30 
J 18 Ceramic DIP 5' (10°) 
JP 16 Ceramic Power 3" (6) 
JP 24 Ceramic Power 3 
i TO-3 
CLCC 


Plastic DIP 


Plastic DIP 


50 


| Pascoe | soto 
| Pesce || 
Plastic DIP 35 
Plastic Batwing 50 
PLCC N/A 
be PLCC 25 
QP 28 PLCC 15 
R _— TO-66 5 
_ Side-Braised Cer. 25 
TO-220 


Muitiwatt®: Vertical Mt. 


T 
Vv 15 
VH 15 


Multiwatt®, Horiz. Mt. 


3 
3 
3 


80 
NIA 
40 
90 
60 
35 
acs 


Table 1— Thermal resistance of various Unitrode IC packages. 6ycis the thermal resistance © 
from chip to case, while 6ya is the value from chip to air. 


NOTE 1: Junction to bottom plate 


NOTE 2: Junction to top plate 
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Packaging Information 


We can sketch the curve below: 


ALLOWABLE 
POWER DISSP. 


25W 


ow 
oc 50T 100° 150°C 


CASE TEMPERATURE 


Although the data sheet does not specifically state the derating factor, we can calculate it from the information 
given; itis the slope of the line from +75°C +150°C. In this case, the value is — 1/3W/°C at case temperatures 
above +75°C. We note that the junction temperature anywhere along the curve is +150°C, and since this is. 
the maximum allowable temperature, we must take steps to stay within the area below the curve. 


The thermal resistance can be found simply taking the reciprocal of the derating factor. In the case of our 
UC3620 for example: 


Buc = 3°C/W 
which is also the value given in Table 1 for the 15-pin Multiwatt package. 


Suppose one intends to use the UC3620 at 2A continuous output current. The data sheet states that the 
total voltage drop at the output statesis 3.6V maximum. At 2A, this will result in an internal dissipation of 
7.2W. If the supply voltage is say, 36V, the quiescent current of 55mA maximum gives us.an additional 2W 
of internal heating, for a total of 9.2W. Furthermore, we decide to provide sufficient cooling to keep the 
junction temperature at a maximum of 100°C— for increased reliability. Suppose the ambient temperature 
is to be +50°C maximum. Then, our AT is 100°C - 50°C = 50°C, and the required henna! resistance from 
junction to air will be 


50°C 
9.2W 


We know already that 6 JC =3°C/W. Mounting the IC to a heatsink will result in an additional thermal resistance 
in series. If you decide to use a mica insulator coated with thermal grease, you insert an additional 0.3°C/W 
(see any Semiconductor Accessories Catalog). Therefore, we need a heatsink with a @ca value of 


OCA = 5.43 -3- 0.3 = 2.13°C/W 
This is the maximum value of thermal resistance between mounting surface and air that will keep the junction 


temperature at or below the chosen value of 100°C. We need only to go through a heatsink manufacturer's 
catalog to find a suitable part or extrusion with the required 6ca value. 


OCA = = 5.43°CIW 
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THERMAL CHARACTERISTICS OF THE QP PLCC POWER PACKAGE 


The Plastic Leadless Chip Carrier, or PLCC, surface mount package is a popular alternative for dense printed circuit board 
design. Unitrode offers many of its products in 20, and 28 pin outlines of this package, denoted by the "Q" suffix. These 
packages are generally limited to applications where power levels are at, or below, 2 Watts. The growing use of surface 
mount technology has spawned many applications where higher power levels are required. 


The industry's response has been the development of custom, "Power" leadframes. These leadframes offer greatly 
improved thermal coupling between the power dissipating die and the printed circuit board. Improved thermal coupling 
is achieved by leaving several of the package’s pins directly attached to the die mount pad, thus dedicating these pins as 
heat transfer paths. 


The "QP" package follows a standard 28 pin PLCC outline, and utilizes a power leadframe where pins 12-18 are tied to 
the die mount pad. The resulting package, has 22 pins available, although the common lead, pins 12-18, are always 
electrically tied to the substrate of the die. With the added thermal coupling, the package can be used in the 2-4 Watt 
power range. 


The actual power level a device can be used at is highly dependent on the entire, device-package-PC board system. To 
quantify the thermal characteristics of this system it is best to break the overall thermal resistance into two components, 
Gib, (thermal resistance junction to board in °C/Watt), and ®pa, (thermal resistance board to ambient in °C/Watt). The 
thermal restrictions presented by the package are quantified by the parameter 6). 


Thermal resistance, junction to board 


The junction to board thermal resistance of the “QP" power PLCC package, and for comparison, the standard 28 pin "Q” 
PLCC package, were measured using a thermal test die and a specially designed PC board. The thermal test die has the 
ability to dissipate a controlled power level, and also includes a transducer to monitor its own die temperature. The test 
board was made using "Thermal Clad, Thermal Management Substrate" material from Berquist. It is comprised of a. 0.060 
inch thick aluminum substrate with a 1 oz. copper interconnect layer electrically isolated from the aluminum with a 2 mil 
layer of thermally conductive epoxy. The board was layed out with 0.5 square inches of copper under pins 12-18, to 
thermally couple these pins to the board. This board, with its excellent thermal properties, allowed accurate measurement 
of the package characteristics. 


The thermal resistance of the package to the PC board was measured over a range of power levels. The tests were done 
with the PC board suspended in a 1 cubic foot enclosure with no air flow. Tne: results, graphed in figure 1, show the typical 
limiting thermal resistance, 9jp, of the packages to be: 


QP power 22 lead package — 6p = 12.5°C/Watt. 
Q standard 28 lead package — 6)» = 25.0°C/Watt. 


Thermal resistance, board to ambient 


The remaining thermal parameter, @pa, must be evaluated on a “board-by-board" basis. In order to offer some insight into 
the characteristics, and tradeoffs, of PC board thermal performance, measurements on various PC board materials, sizes, 
and configurations were done. An effective thermal resistance from the board to surrounding ambient air was obtained. 
Some of these results are summarized below. 


PC Board: 
| ca ||] 4 Thermal Resistance 
area, sq. inches thickness, inches material interconnect layers board to ambient 

1 | 5 0.060 fiberglass i Oba = 25.0°C/Watt 

2 5 0.060 aluminum 1 8ba = 8.0°C/Watt 
3 24 0.060 fiberglass . 4 | @ba = 13.5°C/Watt 

4 5 0.060 fiberglass * @ba = 11.0°C/Watt | 
5 5 0.060 fiberglass aa ®ba = 16.0°C/Watt 


*coupled with an aluminum extrusion to an infinite heatsink. The device was mounted 0.12 inches from the extrusion on the same 


side of the board 
**with 200 FPM of airflow across the board. 
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All of the above numbers were obtained by suspending the test board, populated with only the test device, in a1 cubic 


foot enclosure. The results are useful only as guidelines, and should not be used in place of a rigorous thermal evaluation 
in a given application. 


If we pick case 3 from above as an example, then the total resulting thermal resistance for the "QP" package-board 
combination will be equal to the sum of the 12.5°C/Watt jp and the 13.5°C/Watt @ba, or 26°C/Watt. For the 28 pin "Q" this 
number would be 38.5°C/Watt. Using these numbers, maximum power dissipation tevels for a standard "Q", and the "QP" 
packages can be plotted versus ambient temperature as shown in figure 2. In this figure the maximum operating junction 
temperature is 150°C. 


Conclusions 


The power level that can be obtained from a surface mount device is predominantly determined by the ability of the 
package to couple the power to the PC board, the ability of the PC board to dissipate the coupled heat, and the operating 
conditions of the system. With the power leadframe offered in the "QP" package, the benefit over a conventional PLCC 


package is about 12.5°C/Watt. The resulting gains in power handling capability will be determined by the remaining 
variables in the expression for maximum dissipation. 


Pd max = (TjMax - Tamb)/(8jb + Oba). 
where : Tjmax is the maximum operating junction temperature of the device. 


Be COE EME: —OP-LEADFRAME | MAXIMUM POWER DISSIPATION 
4 STD-LEADFRAME — —STO-LEADFRAME| VERSUS AMBIENT TEMPERATURE 
5. 
35 


0 
00 


THERMAL RESISTANCE 
JUNCTION TO BOARD 


8 


(DEG CATT) 


£ 
Fs = 
: é 
3 
2 


3.00 4.00 5.00 


POWER DISSIPATION (WATTS) 


AMBIENT TEMPERATURE (DEG C) 


Figure 2: The overall limitation on power handling capability of al 
surface mount componentis determined by the thermal prorperties 


Figure 1: The ability of the package to couple heat to the board 
is greatly improved in the "QP" package, as shown in this 
comparison with a standard 28 lead PLCC. 


Unitrode Integrated Circuits Corporation 


of the device and PC board, as well as the ambient temperature. 
In this example the standard "Q" and "QP" packages are 
compared when mounted on a 4 layer fiberglass PC board. 


i 7 Continental Boulevard. ¢ P.O. Box 399 ¢ Merrimack, New Hampshire « 03054-0399 
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IC Packaging for Power and Size 


24 or 28 
Pin DIL" 


2w 
16 Pin 
Plastic 


25W 
15 Pin 
Plastic 


Hermetic 
3 Pin 
TO-220 


25W 
24 Pin DIL 
Power Package 
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10W 
16 Pin 
Power Package 


TO-3 


Tw 
14/16/18 
Pin* 


10W 
5 Pin 
TO-220 


20 Pin 
PLCC* 


16/20 Pin 
SO (300 MIL) 


*28 Pin LCC and PLCC also available. 
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Packaging Information 


Index . 
Page 
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18 Pin Plastic: DIP: (N)%aiecsesisyed secs cdaswesves eae cveusetvsetvaecobiv wea dent odarvaus cuni sbiaelio si sueesncvacuas nnseaetdhegeesets 7-114 
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16 Pin Ceramic Power Dip (UP) .......cccccscccstesceeecsersssceseessesssesceaeesseseeesseseeeeeaesuscsarsesscessaeeesearesates 7-13 
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28 Pin Ceramic Dip (J) 0... ccscseecscsstsssecstrseeeeeteeaes dss daedavscsusdiledeuodice tesnsieesadaseusedstoviesedalueaecesatents 7-14 
3 Pin TQ-3 Metal Package (K) ...ccssssssssssssssrsessersonsssessecsecnnerssaseceessonencesecatsiseessnesearseenesseenseersensents 7-15 
3 Pin TO-5 Metal Package (H).......... cesses sabe vetded vousde odindveDbaleer vests tevud beeen eevewthee Winldelueen 7-15 
3:Pin TO-220 Plastic: Package ’(T)..:iccecessccsecarsiasistdesecesnescesesisexostescytaieaisvevevsaseoevapvi suns duceosiageest suecosies 7-15 
3 Pin TO-257 Hermetic Package (G) .........sssccsecsssessessseecssescsesssserecssresressesesersensenssrsnesssnectesseneces 7-16 
5 Pin TO-220 Plastic Package (T) ....sccssscsssssssssesessssesssscsesecesscaescessesasseeceeseeseeteceeseeasseeseeseeseneecereeeres 7-16 
15 Pin Vertical Multiwatt (V) ...c.ccccsccsscsscssesssseeesseccssesssessssssssessesesesscsessssscuesessenseessesteneeeesecseestensees 7-16 
15 Pin Horizontal Multiwatt (VH) ........ssecesesseeecrssesseeneeteseessersssneassessseessssesnsssanseessesinearsceessnesssnegeess 7-17 
14 Pin SO IC Surface Mount (D).........:.cccccccessessecetenesenesenerseeesseeessacecesesseuusatessusosseseuseseneesstesssnesenses 7-17 
16 Pin SO IC (Wide Body) Surface Mount (DW) .......... eects ssetsssteessssesseseestssnsssseseseessssascnesetees 7-17 
18 Pin SO IC (Widé Body) Surface Mount (DW) ...........00. signitavdelsechisettaciras cttetalcatdeinneastiueenerd oO 
20 Pin SO IC (Wide Body) Surface Mount (DW) 0.0.0... ccccsessestecrseccsessssessesneesseetosteesranaebersensenseenns 7-18 
20 Pin PLCC Surface MOunt (Q)........ cc eccesscseeseseeersseeeeesseeessaucusseesuvecseauesseeeesseasucesseesseeseseneaeeceesaees 7-18 
28 Pin PLCC Surface Mount (Q).............. siacessssaescnsssnsesucassasscsenstecasonsoneatscceeveneesbentseaseneasssariuneastneonans 7-19 
20 Pin LCC Surface Mount (L) ues eesccsseseesessccteesscsesereneesetsnsscsesseesseeseessanteeuceesssusaeseaessesaeneeesonas 7-19 
28 Pin LCC Surface MOUNt (L)::..icc.ccciscssteasssccsiscedicesteacsassssatcsstcevssecncedvecacacsensbervanecsnsnveseceseuauseensatrasiess 7-19 
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8-PIN PLASTIC 
N PACKAGE SUFFIX 


DIMENSIONS 
INCHES ‘MILLIMETERS 
‘MIN min | MAX 
622 | 660 
9.40 10.16 
3.94 
3.81 
0.89 
7.87 
2.79 
0.58 
1.40 
0.38 


14-PIN PLASTIC 
N PACKAGE SUFFIX 


DIMENSIONS 
SYMBOL INCHES MILLIMETERS 
MIN MIN MAX 
1245, : 6.22 6.60 
18.92 20.57 
3.05 3.56 
3.18 3.81 
0.38 0.89 
7.37 7.87 
2.29 2.79 
0.38 0.58 
114 1.65 
0.20 0.38 
7.62 10.16 
1.65 2.16 


16-PIN PLASTIC POWER 
NE PACKAGE SUFFIX 


DIMENSIONS 

SYMBOL INCHES MILLIMETERS 

MIN MAX MIN MAX 
008 015 0.20 0.38 
015 023 0.38 0.58 
045 065 1.14 1.65 
025 063 0.64 1.60 
090 110 2.29 2.79 
745 810 18.92 20.57 
300 -400 7.62 10.16 
290 310 7.37 787 
245 -260 6.22 6.60 
015 035 0.38 0.89 
425 150 3.18 3.81 

120 140 3.05 3.56 


PACKAGING INFORMATION 


16-PIN PLASTIC 
N PACKAGE SUFFIX 


DIMENSIONS 
INCHES MILLIMETERS 


rizirimlolajalalel|> 
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18-PIN PLASTIC 
N PACKAGE SUFFIX 


DIMENSIONS, 
MILLIMETERS 


24-PIN PLASTIC 
N PACKAGE SUFFIX 


DIMENSIONS 
MILLIMETERS 
MIN MAX 
12.70 13.97 

v.24 32.26 
iE 
381 
L 0.38- at 
3.18 
set 


2.29 


ca Ka 
safe Att nti 
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28-PIN PLASTIC 
N PACKAGE SUFFIX 


DIMENSIONS 
INCHES MILLIMETERS 


MIN MAX MIN: MAX 
500 550 12.70 13.97 
33.15 36.83 


0.38 0.89 
3.56 4,57 
3.18 3.81 


| 
| 
| 
14,99 | 15.49 
| 


2.29 2.79 
1.02 1.65 
0.38 0.58 
0.20 0.38 
15.24 | 17.78 | 


= 26 J P| del 


8-PIN CERAMIC 
J PACKAGE SUFFIX 


DIMENSIONS 
INCHES, MILLIMETERS 


af 
[mane fan fers: 
H 
Hi 


z i £E: 


SEATING PLANE—-*} 
Leal 
A 
a 


Lr 


14-PIN CERAMIC 
J PACKAGE SUFFIX 


DIMENSIONS, 

INCHES | MILLIMETERS 
MIN MIN MAX 
7.37 [ 8.13 
3.59 7.87 
19.94 
5.08 
152 
0.58 
0.38 
1.78 


SEATING PLANE —4 
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16-PIN CERAMIC 
J PACKAGE SUFFIX 


DIMENSIONS 


INCHES MILLIMETERS 


MAX MIN MAX 
E- 7.37 8.13 
7.87 
21.34 

iz 
5.08 
1.52 
0.58 
0.38 
1.65 


SEATING PLANE 


16-PIN CERAMIC POWER 
J P PACKAGE SUFFIX 


DIMENSIONS 
INCHES | __ MILLIMETERS 
MIN | max | MIN | MAX 
320 | 7.37 8.13 
310 | (559 7.87 
gos i) 2.94 
= 5.08 
0.38 152 
0.36 058 
020 | 0.38 
ere SEATING PLANE 


SYMBOL 


18-PIN CERAMIC 
J PACKAGE SUFFIX 


DIMENSIONS 

INCHES ‘MILLIMETERS 
‘MIN te MAX MIN 
290 320 7.37 
5.59 


SYMBOL 
j— 


220 


0.20 FJ 
0.96 E 


t SEATING PLANE 
0.36 . 
2.54 BSC 
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24-PIN CERAMIC 
J PACKAGE SUFFIX 
DIMENSIONS 
SYMBOL INCHES MILLIMETERS 
| MIN MAX MIN MAX 
A -500 620 12.70 15.75 
AY 500 610 


12,70" 15.49 


32.77 


5.72 


191 


5.08 


008 015. |: 020 | 0.38 
Fi 030 070 | 076 | 178 
fe [14 | 023 0.36 | 0.58 


24-PIN CERAMIC POWER 
J.P PACKAGE SUFFIX 
DIMENSIONS - 
SYMBOL INCHES MILLIMETERS 
MIN MAX MIN MAX 
[oA 500 | 620 | 1270 | 15.75 | 
At 500 610 | 1270 | 15.49 
B 1.290 "32.77 
P ¢ 225 S 572 | 
[  D 015 075 038 | 191 
E 3.05 5.08 
F 0.20 0.38 


0.76 


1.78 


0.36 


0.58 


100 BSC 2.54 


Bsc 


28-PIN CERAMIC 
J PACKAGE 


DIMENSIONS 
SYMBOL INCHES 


MILUMETERS 


MIN 


MAX 


14.99 


18.75, 


{14.48 


15.37 


35.05 


37.08 


[3a 


571 


5.72 


1.40 


$.08 


0.381 


1.78 


0.58 


BSC 


1.65 


1.65 


4.45 


18° 
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3-PIN TO-3 METAL 
K PACKAGE SUFFIX 


DIMENSIONS 


INCHES 


MILLIMETERS 


MIN 


MAX 


6.35 


11.43 


483 


8.00 


10.92 


11.94 


1.27 


19.56 


22.26 


29.90 


30.40 


1.52 


1.65 


16.64 


Ws 


4.06 


12.8 


1.02 


4.47 | 


3-PIN TO-5 METAL 


H PACKAGE SUFFIX 


INCHES 


OIMENSIONS 
4 

MILLIMETERS 
MIN 


8.51 


7.75 


12.70 


419 


{318 


3.86 


3-PIN TO-220 PLASTIC 


T PACKAGE SUFFIX 


DIMENSIONS 


INCHES MILLIMETERS 


MIN 


MAX 


14.27 


MIN 
500 ale - 12.70 | 


6.35 


380 i - 


10.66 


-560 


15.87 


.230 


140 


045 
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3-PIN TO-257 HERMETIC 


G PACKAGE 
pear 


SYMBOL 
A 


= 
& 


2 
z 


nlolo sis 
Be S15 


5-PIN TO-220 PLASTIC 
T PACKAGE SUFFIX 


DIMENSIONS, 


~ INCHES MILLIMETERS 
MAX MIN | MAX 


-580 12.70 14.73 


[965 | 10.67 
[ 4422 | 1651 
[sea | 686 
356 | 483 
CD 1.40 
ost 114 
353 | 4.09 
0.30 14 
3.40 
6.81 
2.92 


15-PIN VERTICAL MULTI WATT 
V PACKAGE SUFFIX 


DIMENSIONS 
MILLIMETERS 
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15-PIN HORIZONTAL MULTI WATT 
HV PACKAGE SUFFIX 


DIMENSIONS 


SYMBOL INCHES 


Sle j= |-—|E |Z /Z[TloOl[N{nim|olO loja|» 


14-PIN PLASTIC SO IC SURFACE MOUNT 
D PACKAGE SUFFIX 


glo 


PIN 1 IDENTIFIER 


Fr 


Ves 
The 


Zlojriz[s{e1o 


16-PIN PLASTIC SOIC SURFACE MOUNT . 
DW PACKAGE SUFFIX 


PIN 1 IDENTIFIER - 


P/P}|™MOlO o|e/>/> 
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PACKAGING INFORMATION 


18-PIN PLASTIC SO IC SURFACE MOUNT 
DW PACKAGE SUFFIX 


PIN 7 IDENTIFIER 


20-PIN SOIC SURFACE MOUNT 
DW PACKAGE 


DIMENSIONS 
MILLIMETERS 


SYMBOL 


“A 


20-PIN PLASTIC PLCC SURFACE MOUNT 
Q PACKAGE SUFFIX 


PIN NO. 1 
PIN NO. 1 IDENTIFIER 


DIMENSIONS 
A 


if SYMBOL | MILLIMETERS 
ae A 


B 
rt ia Lies | he 
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28-PIN PLASTIC PLCC SURFACE MOUNT 
Q PACKAGE SUFFIX 


DIMENSIONS ] 
[_ wiumerers | 


20-PIN CERAMIC LEADLESS SURFACE MOUNT 
L PACKAGE SUFFIX 


DIMENSIONS 


ZAl*| "I olelolalnlol>|>» 


28-PIN CERAMIC LEADLESS SURFACE MOUNT 
lL. PACKAGE SUFFIX 


L 


SYMBOL 


z/ol}*|"/s19/clolale|>|> 
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SURFACE MOUNT:CONNECTION DIAGRAMS 
By Part Number Family 


The following pages contain connection diagrams for some of the 


most requested part number series in standard surface mount 
packages. 


SMD Package Description 
Suffix 


20 Pin PLCC (Plastic) 

28 Pin PLCC (Plastic) 

28 Pin Power PLCC (Plastic) 
|20 Pin CLCC (Ceramic) 
SO-IC (Narrow — Body Plastic) 
SO-IC (Wide — Body Plastic) 


Pleasesee mechanical datashowninaprevious section for package 
details. 


U UNITRODE . | | 
SURFACE MOUNT CONNECTION DIAGRAMS 


UCc3170 UC337Q 


Vout 
Vout SENSE 
n/c 


N/C: 
N/C 


9 10 111213 9 10 111213 


UC3174QP/UC3175QP : UC3524Q 


+Vin 

INH CIS Out N/C 
Uv1 Park Drive INV INPUT 
uve ee N.1. INPUT 


Limit 25 Per OK 
Park Volts 241— c/s+ OSC OUT 


a a eee +CUR SEN 
A+ In/Ref 22 B- In 
21 +Ve Supply 
0 20 B Output 
11 Heat Dissipation Pins 19/— 8 Cur Sen 
12 13 14 15 16 17 18 9 10 1112 13 


Ground Sarcunnd 
Ground Ground 
Ground Ground 

Ground 


UC3524AQ UC3525AQ/3527AQ 


n/c 
{NV IN 
N.I. IN 


9 10 1112 13 9 10 1112 13 


SURFACE MOUNT CONNECTION DIAGRAMS 


UC3526Q 


9 10 1112 13 


UC3544Q 


9.10 11:12 13 


UC3634Q 


9 10 11:12 13 


SENSE AMP. 
VreF 


= BUF AMP OUT 


N/C 
DIV 4/5 IN 
DIV 2/4/8 IN 


LOCK IND 
PHASE DET 
N/C 

DBL EDGE 
SENSE IN 


VReF 
LOOP AMP INV 


UC3637Q 


BUF AMP IN 
LOOP AMP OUT 
LOOP AMP INV 


0020-6 


Vin 
VReF 


GROUND 
C.L. OUT 
OFST/COMP 
C.L. Nib 


C.L. INV 
9 10 1112 13 


U.V. IND 
U.V. DELAY 
U.V. INPUT 


0020-16 


GROUND 


AUX AMP OUT 
AUX AMP NGl. 
9 10 1112 13 


AUX AMP INV 
LOOP AMP OUT 
N/C 

0020-7 


9 10 1112 13 


SURFACE MOUNT CONNECTION DIAGRAMS =————. 


UC3706Q ae : UC3707Q 


N/c 
B INHIB - ; — A INHIB 
INV.1N———= 


Nl. IN 
GROUND 
n/c 
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A NEW INTEGRATED CIRCUIT FOR 
CURRENT-MODE CONTROL 


Abstract 


The inherent advantages of current-mode control over conventional PWM approaches to switching power 
converters read like a wish list from a frustrated power supply design engineer. Features such as automatic feed 
forward, automatic symmetry correction, inherent current limiting, simple loop compensation, enhanced load 
response, and the capability for parallel operation all are characteristics of current-mode conversion. This paper 
introduces the first control integrated circuit specifically designed for this topology, defines its operation and 
describes practical examples illustrating its use and benefits. 


1.0 


Introduction 

Over the past several years anincreased interestin 
current-mode control of switching inverters has 
surfaced in the literature. Originally invented in the 
late 1960s, this scheme was not publicly reported 
until 1977‘ and has seen rapid development by 
many authors to date. In short, current-mode 
control uses an inner or secondary loop to directly 
control peak inductor current with the error signal 
rather than controlling duty ratio of the pulse width 
modulator as in conventional converters. Practi- 
cally, this means thatinstead of comparing the error 
voltage to a voltage ramp, it is compared to an 
anafogue of the inductor current forcing the peak 
current to follow the error voltage. 


LATCH 
OUTPUT 


JU UL 


FIGURE 1. A FIXED FREQUENCY CURRENT-MODE CONTROLLED 
: REGULATOR. 
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Figure 1 illustrates a simplified block diagram of a 
fixed frequency buck regulator employing current- 
mode control. As shown, the error signal, Ve, is 
controlling peak switch current which, to a good 
approximation, is proportional to average inductor 
current. Since the average inductor current can 
change only if the error signal changes, the inductor 
may be replaced by a current source, and the order 
of the system reduced by one. This results in a 
number of performance advantages including 
improved transient response, a simpler, more easily 
designed control loop, and line regulation compara- 
ble to conventional feed-forward schemes. Peak 
current- sensing will automatically provide flux 
balancing thereby eliminating the need for complex 
balance schemes in push-pull systems. Addition- 
ally, by simply limiting the peak swing of the error 
voltage Ve, instantaneous peak current limiting is 
accomplished. Lastly, by feeding identical power 
stages with a common error signal, outputs may be 
paralleled while maintaining equal current sharing. 


Although the advantages of current-mode control 
are abundant, wide acceptance of this technique 
has been hampered by a lack of suitable integrated 
Circuits to perform the associated control functions. 
This paper introduces a new integrated circuit 
designed specifically for control of current-mode 
converters. Circuit function.and features are des- 
cribed in detail, and a comparative design example 
is used to illustrate the numerous advantages of this 
approach. 


UC1846 Chip Architecture 
In addition to all the functions required of conven- 
tional PWM controllers, a current-mode controller 
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FIGURE 2. UC1846 BLOCK DIAGRAM 


must be able to sense switch or inductor current 
and compare it on a pulse-by-pulse basis with the 
output of the error amplifier. As may be seen in the 
block diagram of Figure 2, this is accomplished in 
the UC1846 by using a differential current sense 
amplifier with’ a fixed gain of 3. The amplifier allows 
sensing of low level voltages while maintaining high 
noise immunity. A list of other features, while not 
unique to current-mode conversion, demonstrates 
the advanced, state-of-the-art architecture of the 
UC1846: 


© A+ 1%, 5.1V trimmed bandgap reference used 
both as an external voltage reference and inter- 
‘nal regulated power source to drive tow level 
circuitry. 

e A fixed frequency sawtooth oscillator with varia- 

* ble deadtime control and external synchroniza- 
tion capability. Circuitry features an all NPN 
design capable of producing low distortion 
waveforms well in excess of 1MHz . 


‘e Anerror amplifier with common mode range from 
ground to Vee-2V. 


© Current limiting through clamping of the error 
signal at a user-programmed level. 


@ A shutdown function with built in 350mV thresh- 
old. May ‘be used in either: a Jatching, or non- 
latching. mode. Also capabie of. initiating a 
“hiccup” mode of operation. 


¢ Under-voltage lockout with hysteresis to guaran- 
tee outputs will stay “off” until reference is in 

” regulation. : 

© Double pulse suppression logic to eliminate the 
possibility of consecutively pulsing either output. 

e Totem pole output stages capable of sinking or 
sourcing 100mA continuous; 400mA_ peak 
currents. 


These various features, along with their interrela- 
tionships and applications to switched-mode regu- 
lators, will be further discussed in the following 
sections. ; 


3.0 UC1846 Functional Description 


3.1 Current Sense Amplifier 


The current sense amplifier may be used in a var- 
iety of ways to sense peak switch current for com- 
parison with an error voltage. Referring to Figure 2, 
maximum swing on the inverting input. of the PWM 
comparator is limited to approximately 3.5V by the 
internal regulated supply. Accordingly, for a fixed 
gain of 3, maximum differential voltages must be 
kept below 1 .2V at the current sense inputs. Figure 3 
depicts several methods of configuring sense 
schemes. Direct resistive sensing is simplest, how- 
ever, a lower peak voltage may be required to min- 
imize power loss in the sense resistor. Transformer 
coupling can provide isolation and increase effi- 
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ciency at the cost of added complexity. Regardless 
of scheme, the largest Sense voltage consistent 
.. .with low power losses shguld be chosen for noise 

immunity. Typically, this. will range from several 
hundred millivolts in some-resistive sense circuits to 
‘the ‘maximum of 1.2V in transformer coupied 
circuits. 


" ) ISOLATED CURRENT SENSING = 


_ FIGURE 3, VARIOUS CURRENT SENSE SCHEMES 


In addition, caution should be exércised when using 
a configuration that senses switch current (Figure 
3A) instead of inductor current (Figure 3B). As the 
switch is turned on, a large instantaneous current 
spike can be generated.in the sense resistor as the 
collector capacitance of the switch is discharged. 
This spike will often be of.sufficient magnitude and 
duration to trip the current sense latch and result in 
erratic operation of the PWM circuit, particularly at 
lower ‘duty cycles. A small RC filter (Figure 4) in 
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series with the input is generally all that is required 
to reduce the spike to an acceptable level. 


OUTPUT 
STAGE 


FIGURE 4. AC FILTER FOR REQUCING SWITCH TRANSIENTS 


3.2 Oscillator 


Although many data sheets” tout. 300 to 500kHz 
operation, virtually all PWM control chips suffer from 
both poor temperature characteristics and wave- 
form distortions at these frequencies. Practical 
usage ‘is ‘generally limited to. the 100 to 200kHz 
range. This is a direct consequence of having slow 
(f: = 2MHz) PNP transistors in the oscillator signal 


‘path. By implementing the: oscillator using all NPN 


transistors, the UC1 846 achieves excellent temper- 
‘ature stabillity and waveform clarity at frequencies 
in excess of 1MHz. 


SYNC | | | | 
{PIN 10) 


=| l-— OUTPUT DEADTIME (74) 


FIGURE 5. OSCILLATOR CIRCUIT 


Referring to Figure.5, an external resistor Rr is used 
to generate a constant current into a capacitor Cr to 
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TIMING RESISTOR, Rr - KILOHMS 


produce a linear sawtooth waveform. Oscillator fre- 
quency may be approximated by selecting Rr and 
Cr such that: 


22 


fose 


Rr Cr (1) 


Where Rr can range from 1K to 500K and Cr is 
above 100pF. For quick reference a plot of fre- 
quency versus Ry and’Cr is given in Figure 6. 


FREQUENCY — KILOHERTZ 


FIGURE 6. OsciLLATOR FREQUENCY AS A FUNCTION OF 
* Rr AND a 


Again referring to: Figure 5, the oscillator generates 
an internal clock pulse used, among other things, to 
biank both outputs and prevent simultaneous cross 


_ conduction during switching transitions. This output 


“deadtime” is controlled by.the oscillator fall time. 
Fall time, in turn, is controlled by Capecoraingiome 
formula: 


rd = 145 Cr — 
12 - 3.6/Rr(kQ) (2) 


For large values of Rr: 
Td = 145 Cr (3) 


TIMING CAPACITANCE, Cr - NANOFERADS 


10 


OUTPUT DEAD TIME, 7,4 - MICROSECONDS 


FIGURE 7. OUTPUT DEADTIME AS A FUNCTION OF TIMING 
“CAPACITOR Gr 7 
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A plot of output deadtime versus Cr for two values of 
Rr is given in Figure 7. 


Although timing capacitors as smal! as 100pF can 
be used successfully in low noise environments, itis 
generally recommended that Cr be kept above 
1000pF to minimize noise effects on the oscillator 
frequency (see Section 4.0). 


Synchronization of one or more devices to either an 
external time base or another UC1846 is accomp- 
lished via: the bi-directional SYNC pin. To synchron- 
ize devices, first, Cr must be grounded to disable the 
internal oscillator on all slaved devices. Second, an 
external synchronization pulse must be applied to 
the SYNC terminal. This pulse can come directly 
from the SYNC terminal of a master UC1846 or, 
alternatively, from’an external time base as shown 
in Figure 8. 


EXTERNAL 
TIMEBASE 


TTL GATE 


FIGURE 8. SYNCHRONIZING THE 1846 TO AN EXTERNAL 
TIME BASE 


3.3 Current Limit 

One ‘of the most attractive features of a current- 
mode converter is its ability to limit peak switch 
currents on a pulse-by-pulse basis by simply limit- 
ing the error voltagé to a maximum value. Referring 
to Figure 9, peak. current limiting in the UC1846 is 
accomplished using a divider network, R; and Re, to 
set a pre-determined voltage at pin 1. 


FIGURE 9. PEAK CURRENT LIMIT SET UP 
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This voltage, in conjunction with Q,, acts to clamp 
the output of the error amplifier ata maximum value. 
Since the base emitter drop of Q, and the forward 
drop of diode D; very nearly cancel, the negative 
input of the comparator will be clamped at the value 
Ve 1 -0.5V. Following this through to the input of 
the current sense amplifier yields: 


_, Vew.1 0.5 
cs 3 , (4) 


Where Vee is the differential input voltage of the 
current sense amplifier. Using this relationship, a 
value for maximum switch current in terms of exter- 
nal programming resistors can be derived, resulting 
in: 
Re (Vaer) - 0.5 
Ri + Re 

3Rs (5) 


While ‘still on the subject of resistor selection, it 
should be pointed out that R: also supplies holding 
current for the shutdown circuit, and therefore 
should be selected prior to selecting Re as outlined 
in the next section. oa 


le. = 


_ One last word on the current limit circuit. As may be 
seen from equation 5, any signal less than 0.5V at 
the current limit input will guarantee both outputs to 
be off, making pin 1 a convenient point for both 
shutting down and slow starting the PWM circuit. 
For example, both the under-voltage lockout and 
shutdown functions are connected. internally to this 
point. If a capacitor is used to hold pin 1 low (Figure 
10) then as the input voltage increases above the 
under-voltage lockout level, the capacitor will 
charge and gradually increase the PWM duty cycle 
to its operating point. In’ a similar manner if the 
shutdown amplifier is pulsed, the shutdown SCR will 
be fired and the capacitor discharged, guarantee- 
ing a shutdown and soft restart cycle independent 
of input pulse width. 


ate} 
PWM COMPARATOR 


ie) . 
UNDER. VOLTAGE 
LOCKOUT 


SH-DN 


JL 


FIGURE 10. USING UNDER-VOLTAGE LOCKOUT AND SHUTDOWN 
TO INITIATE A SLOW START. 
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3.4 Shutdown 


The shutdown circuit, shown in Figure 11, was 
designed to provide a fast acting general purpose 
shutdown port for use in implementing both protec- 
tion circuitry and remote shutdown functions. The 
circuit may be divided into an input section consist- 
ing of a comparator with a 350mV temperature 
compensated offset, and an output section consist- 
ing of a three transistor latch. Shutdown is accomp- 
lished by applying a signal greater than 350mV to 
pin 16, causing the output latch to fire, and setting 
the PWM latch to provide an immediate signal to the 
outputs. At this point, several things can happen. Q, 
requires a minimum holding current, lH, of approxi- 
mately 1.5mA to remain in the latched state. There- 
fore, if Ri is chosen greater than 5kQ, Q: will 
discharge any capacitance, Cs, on pin 1 to ground 
and commutate the output latch, allowing Cs to 
recharge. !f Ri is chosen less than 2.5kQ, Q, will 
discharge Cs.and remain in the latched state until 
power is externally cycled off. In either case, Cs is 
required only if a soft-start or soft-restart function is 
desired. 


FIGURE 14. SHUTDOWN CIRCUITRY 


For example, the shutdown circuit of Figure 12, 
operating in a nonlatched mode, will protect the 


* supply from overcurrent fault conditions. Many 


times, if the output of a supply is shorted, circulating 
currents in the output inductor will build to danger- 
ous tevels. Pulse-by-puise current limiting with its 
inherent time delay, will in general not be able to 
limit these currents to acceptable levels. Figure 12 
details a circuit which will provide shutdown and 
soft-restart if the overcurrent threshold set by Rs 
and Rg is exceeded. This level should be greater 
than the peak current limit value determined by R: 
and Ra (see equation 5). Sometimes called a “hic- 
cup mode”, this overcurrent function will limit both 
power and peak current in the output stages until 
the fault is removed. 
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FIGURE 12. OVER CURRENT SENSING WITH THE SHUTDOWN 
CIRCUIT PRODUCES A SHUTDOWN — SOFT RESTART 
CYCLE TO PROTECT OUTPUT DRIVERS 


Noise Immunity 


‘As in all PWM circuits, some simiple precautions 


should be observed to prevent switching noise from 


“prematurely triggering’ the oscillator as it 


approaches its upper. threshold. This is most evi- 
dent when large capacitive loads — such’as the 
gates of power FETS — are directly driven from 
outputs A and B..As the duty cycle approaches 
100%, the current spike associated with this output 
capacitance can cause the oscillator to prema- 
turely trigger with a resulting shift upward in fre- 
quency. By separating high current ground paths 
from iow level arialog grounds, using Cy values 
greater than 1000pF grounded directly to pin 12, 
and decoupling both Vin and Vrer with good quality 
bypass capacitors, noise problems can be avoided. 


Comparative Design Example 

To more vividly illustrate the advantages of current- 
mode control, a relatively simple push-pull forward 
converter was designed using two interchangeable 
contro! sections, as shown in Figure 13. The control 


‘modules consist of (a) a UC1846 current-mode 


controller with associated circuitry, and (b).a.con- 
ventional UC1525A PWM controller with its support 
circuitry. Loop compensation of the UC1525A was 
implemented by. placing a zero in the feedback loop 
to cancel one of the poles in the output stage, 
resulting in a unity gain bandwidth of approximately 
3kHz -- a commonly used technique. Compensat- 
ing the current-mode converter requires somewhat 
of a different approach. Since the output stage con- 
tains only a single pole, in theory closing the loop 
will produce a stable system with no additional 
compensation. In practice, however, it has been 
shown that subharmonic oscillation will result from 
excess gain at half the switching frequency”. 
Therefore, a pole-zero combination has been 
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placed in the feedback loop to reduce high fre- 
quency gain and allow the output capacitor (low 
ESR) to roll off loop gain to OdB at 3kHz. 


While not demonstrated in. Figure 13, fixed fre- 
quency current-mode converters are known to be 
unstable above 50% duty cycle without some form 
of slope compensation" ©. By injecting a small cur- 
rent from the sawtooth oscillator into the positive 
terminal of the current sense amplifier, slope com- 
pensation is accomplished, and the converter can 
be operated in excess of 50% duty cycle. An alter- 
nate, but just as effective, scheme would be to inject 
the signa! into the negative terminal of the error 
amplifier. ; 


As may be seen, a similar parts count for both 
supplies was encountered. Topologically, using the 
UC1525A shutdown terminal provided only a crude 
current limit in contrast to the UC1846. Further- 
more, internal double pulse suppression circuitry of 
the UC1846 gave an added level of protection 
against core saturation — important if your regula- 
tor is prone to subharmonic oscillations. Since both 
regulators were over-designed to withstand a short 
circuit on the output with resultant high peak cur- 
rents, the shutdown-restart mode of the UC1846 
was not used. 


It should be pointed out at this time that one of the 
main features of a current-mode converter of this 
type is its ability to be paralleled with similar units. 
By disabling the oscillator and error amplifiers (Cr 
grounded, +E/A to Vaer, -E/A grounded) of one or 
more slave modules, and connecting SYNC and 
COMP pins of the slave(s) respectively, the outputs 
may be connected together to provide a modular 
approach to power supply design. : 


Starting with Figure 14, a comparison of line and 
load step responses is made between the two con- 
verters. As a result of the feed-forward effect of the 
Current-mode converter, response to a step input 
change shows more than an order of magnitude 
improvement (Figure 14a) when compared to the 
conventional converter (Figure 14b). Although not 
as pronounced, response to a step load change 
leaves the UC1846 converter (Figure 15) with a 
clear advantage in.output response — 40mV as 
compared to 70mvV for the UC1525A. 


Virtually all conventional push-pull converters are 
prone to flux imbalance caused by mismatched 
storage delays, etc., in the output stage. Figure 16 
shows both converters operating with the same 
power stage. No effort was made to match output 
devices. As may be seen, there is little noticeable 
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difference between switch currents of the UC1846. transistors — shows phase B driving the core close 

. However, the UC1525A — with identical output _ to saturation with 50% more current than phase A. 
Vin ; 


Viw 


L 
0022 
(B) UC1525A VOLTAGE MODE CONTROLLER 


FIGURE 13. PUSH-PULL FORWARD CONVERTER WITH (A) CURRENT-MODE CONTROL AND (B) VOLTAGE MODE CONTROL 


t= 2ms/DIV ; 

<< OUTPUT > £F |] 
RESPONSE 

50mV/DIV 


(A) 


(B) 
FIGURE 14. RESPONSE TO A STEP INPUT CHANGE OF 25 TO 35V BY (A) UC1846 and (B) UC1525A CONVERTERS 
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t= 0.2ms/DIV 


<< OUTPUT 
RESPONSE 
20mV/DIV 


(A) : (B) 
FIGURE 15. RESPONSIVE TO A STEP LOAD CHANGE OF 1 AMP BY (A) UC1846 AND (B) UC1525A CONVERTERS 


t = Sus/DIV 


“4. SWITCH » 
CURRENTS 
(0.2A/DIV) 


j 
| 
i 
} 


(A) 


FIGURE 16. SWITCH CURRENTS’ SHOWING FLUX IMBALANCE IN (A) UC1846 AND (B) UC1525A CONVERTERS 


6.0 Conclusion _ : 
Rarély do new design techniques evolve that can 
promise as much as current-mode control for the 


design. Untit recently, current-mode converters 
could not compete with the economics of conven- 


power supply engineer. We have shown this to be a 
simple. technique easily extended from present 
converter topologies; that will increase dynamic 
performance and provide a higher degree of relia- 
bility while permitting new approaches to modular 


tional converters designed with |.C. controllers. i 


Now, with the UC1846 designed specifically for this 
task, current-mode control can provide all of the 
above performance advantages on a cost competi- 
tive basis. 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. ¢ P.O. Box 399 e Merrimack, New Hampshire ¢ 03054-0399 
Telephone 603-424-2410 « FAX 603-424-3460 
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THE UC1901 SIMPLIFIES THE PROBLEM OF ISOLATED 
FEEDBACK IN SWITCHING REGULATORS 


1. Introduction 

The UC1901 simplifies the task of closing the 
feedback loop in isolated, primary-side control, 
switching regulators by combining a precision 
reference and error amplifier with a complete 
amplitude modulation. system. Using the IC’s 
amplitude modulated output, loop error signals can 
be transformer coupled across high voltage isola- 
tion boundaries, providing stable and repeatable 
closed-loop characteristics. Coupling across an 
isolation boundary is nothing new in transformer 
technology, and the UC1901’s ability to generate 
carrier frequencies of up to 5MHz keeps the trans- 
former size and cost at a minimum. With a second- 
ary reference and accurate coupling path for the 
feedback signal, isolated off-line supplies can 
reliably achieve the tolerances, regulation, and tran- 
sient performance of their non-isolated counter 
parts and still take advantage of the benefits of 
primary-side control. = 


Closing a feedback loop in a simple or complex 
system’ requires a thorough understanding of all 
of the loop elements. Worse case variations of 
each element must be taken into account when 
loop stability, dynamic response, and operating 
point are determined. Unpredictability in any of the 
loop components will affect the overall design by 
makingit, necessarily, more conservative. Thetrans- 
ient response of a control loop, for example, will 
usually suffer if a loop must be heavily compensated 
to guarantee stability with component variations. 


To obtain high levels of load and line regulation, the 
output voltage of a power supply must be sensed 
and compared to:an accurate reference voltage. 
Any error voltage must be amplified and fed back to 
the supply’s control circuitry where the sensed error 


can be corrected. In an isolated supply, the control’ 


circuitry is frequently located on the primary, or 
line, side of the supply. As shown in Figure 1, the 
feedback signal in this type of supply must cross 
the isolation boundary. Coupling this signal requires 
an element that will withstand the isolation poten- 
tials and still transfer the loop error signal. Though 
some significant drawbacks to their use exist, optical 
couplers are widely used for this function due‘to 
their ability to couple DC signals. Primarily, opto- 
couplers suffer from poor initial tolerance and sta- 
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bility. The gain, or current transfer ratio, through an 
opto-coupler is loosely specified and changes as a 
function of time and temperature. This variation will 
directly affect the overail loop gain of the system, 
making loop analysis more difficult and the resulting 
design more conservative. In addition, limited band- 
width capability prevents the use of optical couplers 
when an extended loop response is required. : 
: 1 ARN BOUNDARY 


7 


INPUT 
POWER | 


POWER 
TRANSFORMER 
COUPLING 
ELEMENT 


PRIMARY SECONDARY 


SWITCHES. 


PWM 
CONTROLLER 


FIGURE 1: A Typical Closed-Loop Isolated Power Supply 
With Primary-Side Control. 


With reliability firmly situated as an important aspect 
of electrical design, the benefits of primary-side 
control are increasingly attractive in off-line designs. 
The organization of an off-line switcher with primary- 
side control (See Figure 1) puts the control function 
on the same side of the isolation boundary as the 
switching elements. Not only does this simplify the 
interface between the controller and switches, it 
makes the protection of these switches much easier. 
Sensing of the switch currents and voltage can 
avoid failures and improve over-all supply perform- 
ance. The argument for primary-side control has 
been further strengthened by the introduction of a 
new generation of control IC's. The controllers incor- 
porate such features as low current start-up, high 
speed current sensing for pulse-by-pulse current 
limiting, and voltage feed-forward. Low current 
start-up alleviates the problem of efficiently sup- 
plying power to a line-side controller, while fast 
current limit circuitry and voltage feed-forward take 
advantage of the proximity of a primary-side con- 
troller to both the power switch(es) and the input 
supply voltage. 


Combining all of the necessary functions to generate 
an AM feedback signal on the UC1901 make it the 
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first IC of its type. As will be seen, the UC1901 can 
be used in several modes to take full advantage of 
its functions. Recognizing the continuing evolution 
of power converter technology the UCG1901 is 
intended to simplify the. design of a new era of 
reliable and higher performance power converters. 


2. The UC1901 Functions 


The operation of the UC1901 is best undestood by 
considering a typical application. In Figure 2,.the 
UC1901 is shown providing the feedback signal to 
close the loop in an isolated switching power supply. 
With any feedback system it is desirable to compare 
the system output to the system reference with a 
minimum of intermediate circuitry. With the UC1901 
situated on the secondary, or output side of the 
supply, the output voltage is simply divided down 
and compared to the 1.5V reference using the chip’s 
high gain error amplifier. In this manner DC errors at 
the supply output are kept minimal even if signifi- 
cant non-linearities, or offsets, occur in the remain- 
der of the power supply loop. Since the 1.5V output 
on the UC1901 is a trimmed, precision, reference, 
the need for a trim-pot to fine tune the output 
voltage is eliminated. 


To make the UC1901 compatible with single output 
5V power supplies it is designed to operate. with 
input voltages as low as 4.5V. This allows the part to 
be powered directly from a TTL compatible 5V 
output. A nominal supply current of only 5mA allows 
the part to be easily operated at its maximum input 
voltage rating of 40V without worry of excessive 
power dissipation. 
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The amplified error signal at the UC1901’s com- 
pensation output is internally inverted and applied 
to the modulator. The other input to the modulator is 
the carrier signal fromthe oscillator. The modulator 
combines these two signals to produce a square 
wave output signal with an amplitude that is directly 
proportional to the error signal and whose frequency 
is that of the oscillator input. This output is buffered 
and applied to the coupling transformer. With the 


internat oscillator, carrier frequencies into the mega- __ 


hertz range can be generated. Operating at high 
frequencies can reduce both the size and cost of 
the coupling transformer. The secondary winding on 
the coupling transformer drives a diode-capacitor 
peak detector. With a simple resistive load to allow 
discharging of the holding capacitor an effective 
amplitude demodulator is formed. The small signal 
voltage gain from the error amplifier input to the 
detector output is a function of the feedback net- 
work around the error-amp, the modulator gain, the 
turns ratio of coupling transformer, and any loss in 
the demodulator. : 


In Figure 2 the relationship ofthe detector output to 
the sense supply voltage is non-inverting. This is 
necessary t6 guarantee start-up of the supply. Since 
the UC1901, as shown, is powered from the supply’s 
output, the initial feedback signal back to the PWM 
controller will always be zero. The required 180° of 


DC phase shift is easily achieved by inverting the 


signal with the error amplifier that is present in most 
any PWM controller circuit. 


In some applications it may be desirable to operate 
the carrier frequency of the UC1901 in synchroni- 


Ving 
t 15v Vrer 
REFERENCE (2 


ee 
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FIGURE 2: 


With a Precision Reference, and a Complete Amplitude Modulation System, the UC1901 Lets Isolated 
Feedback Loaps be Closed Using a Small Signal Transformer. 
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CARRIER 


FROM 
OSCILLATOR 
i. DRIVER A 


AM 
WAVEFORM 
OUTPUT 


MODULATOR 
AND 

DRIVER 
OUTPUTS 


FIGURE 3: The Compensation Output on the UC1901 can be used to Accurately Control the AM Waveform Output. 
A Simplified Schematic, (a) Shows the internal Signal Split into the Modulator. Voltage Waveforms, (b) Across 
the Modulator Outputs, and at the Compensation Output show the Modulator Transfer Characteristic. 


zation with a system clock, or reference frequency. 
In many situations, operation of the UC1901 at 
the switching frequency of the power supply can be 
beneficial. One such application is presented in 
this article. To accommodate this need the UC1901 
has an external clock input. 


One additional mode of operation is possible if the 
oscillator is left disabled and the external clock 
signal is kept low (or floated). In this condition the 
error amplifier can be used in a linear fashion with 
its output taken at the driver A output. The driver B 
output will be at a fixed DC voltage about 1.4V from 
the input supply voltage. If the external clock signal 
is tied high the roles of the two driver outputs are 
reversed. With 15mA of output current capacity, 
the two outputs can easily be combined to reference 
and drive an optical coupler. Although the instabilities 
of the coupler will still be present, the advantages of 
the UC1901’s precision reference, high gain ampli- 
fier-driver, and 4.5V supply operation can be utilized. 


3. A Controlled Feedback Response 


There are, many different topologies which can be 
used when implementing a switching power supply. 
For off-line supplies, fly-back and forward convert- 
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ers are often designed. In the near future current- 
mode control versions of these may also be widely 
used. Each of these converter topologies has a 
different forward transfer characteristic and, within 
each type of converter, operating point, continuous 
or discontinuous inductor current, and voltage or 
current-mode duty cycle control are a few of. the 
factors which can alter this characteristic. In short, 
the task of optimally designing a feedback network 
for one supply must usually be repeated when the 
next supply is designed. 
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Once the forward transfer function of a particular 
converter has been determined, various factors 
such as stability, line regulation, load regulation, 
and transient response will determine the overall 
loop response, and therefore feedback response, 
required. One of the objectives of the UC1901, in 
addition to allowing a controlled isolated feedback 
response, is to make the task of implementing a 
given:'response as easy as possible. With the com- 
pensation node on the UC1901, local R-C feedback 
networks can be used to shape the small signal 
gain and phase frequency response of the overall 
feedback network. . 


The error amplifier on the chip has a typical open 
loop gain of 60dB and is internally compensated to 
have a unity gain bandwidth of just above 1MHz. 
Both of these characteristics are measured with 
respect to the compensation node (Pin12). As shown 
in Figure 3a, the amplified error signal is internally 
split, at the collectors of Q, and Q,, and fed to both 
the modulator and the compensation output. Apply- 
ing feedback from the compensation output to the 
error amplifier’s inverting input controls the small 
signal collector current through Q,. Since Q, 
sees the same base voltage, and its emitter resist- 
ance is the same, its collector current will track that 
of Q,. The collector current of Q, feeds the modu- 
lator and determines the amplitude of its output 
signal. The 4-to-1 ratio of resistors R, (or Rs) 
and R, results in a fixed 12dB of small signal gain 
measured as the ratio of the amplitude of the differ- 
ential signal at the modulator outputs to the com- 
pensation mode signal. This relationship, as well as 
the function of the modulator, is shown in Figure 3b. 
The scope traces show a 200mV peak to péak sinu- 
soid at 2.5kHz, measured at the compensation 
‘output, and the resulting 800mV variations in the 
peak amplitude of a 25kHz square wave carrier as 
measured across the modulator’s differential output. 


The remaining factors influencing the response of 
the feedback path are the signal gain through the 
transformer; the detector circuit, and the circuitry 
between the detector output and the supply’s PWM. 
The signal gain through the transformer is simply 
the turns ratio of transformer. The small signal 
detector gain can usually be assumed to be unity 
as long as the AC load presented to the detector is 
kept small. Some load on the detector is necessary 
to allow its output to slew in a negative direction. 
Figure 4 summarizes the transfer and output char- 
acteristics of a typical transformer and detector. 


9-16 


U-94 


iN +¥e0~ h 
NEG. SLEW RATE = —— 


Cc 
vin | Vo i 
RIPPLE = ——_ 
| h | LE = Se 
“Ve { ~d | I 
PEAK = NVe ~ Vro 
Ve i ' 


AVG. = NVP - Vro— BigeG 


Ov 


FIGURE 4: A Typical Detector Model and its Output 
Characteristics. 


Here the foad on the detector is modeled as a 
current source, simplifying the equations. In actual 
practice the operating point of the detector output 
will be determined by the circuitry which inter- - 
faces it with the PWM input. Since the minimum 
recovery from the detector is zero volts a nominal 
positive operating level which provides adequate 
dynamic range for DC and transient conditions 
should be chosen. 


The UC1901 is specified to generate maximum 
carrier levels equal to or in excess of 1.6V peak. 
This indicates that a turns ratio of greater than 
one-to-one will be required for the coupling trans- 
former if the detector output must exceed approxi- 
mately 1V, (allowing for a detector diode drop of 
0.6V). It should be noted that many switching power 
supplies now being designed include an integrated 
PWM control IC. A typical PWM IC includes a dedi- 
cated error amplifier which amplifies and buffers 
the input error voltage and applies it to the PWM 
ramp comparator. This amplifier can be readily used 
to fix a nominal detector operating point that is 
compatible with a one-to-one trarisformer. Addition- 
ally, the error amplifier on the UC1901 and the 
PWM's amplifier can be combined to achieve both 
large DC loop gains for improved ‘oad and line 
regulation, and the optimization of the loop gain 
and phase frequency response for improved tran- 
sient and stability performance. 


4. Transformer Requirements 


The coupling transformer used with the UC1901 
has two primary requirements. First, it must provide 
DC isolation. Secondly, it should transfer voltage 
information across the isolation boundary. Meeting 
the first requirement of DC isolation will depend on 
specific applications. In general, though, small signal 
transformers can be readily built to meet the isola- 
tion requirements of today’s line-operated systems. 
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For the most stringent applications, E-type cores 
with bobbin carried windings are inexpensively 
available or built. Where small size is most important, 
a simple toroid core can be used. 


The second requirement of the transformer prima- 
rily determines the amount of magnetizing induct- 
ance it must have. The magnetizing inductance of a 
transformer refers to the actual inductance formed 


by the windings around the core material. In many . 


classical transformer examples, the magnetizing 
inductance is ignored. This is a valid approximation 
since, in these examples, the magnetizing current 
required is much less than the reflected 
currents. In this case, the load currents are small 
and, as the transformer inductance is reduced, the 
magnetizing currents become dominant. 


The driver outputs on the UC1901 are emitter fol- 
lowers which are biased at 700A. Therefore, if the 
drivers are operated without additional bias current 
the peak current through the transformer’s primary 
winding cannot exceed this value. Figure 5a illus- 
trates the relationship of the magnetizing current to 
the voltage across the transformer’s input. If the 
reflected load currents are neglected, it can be 
seen that the minimum magnetizing inductance 
required for linear transfer of the modulator square- 
wave is given by: 


Vp 


") ale Ip 


Ly = 


the magnetizing inductance, 

the peak carrier voltage across 

transformer inputs, 

f, =  theUC1901 operating frequen- 
cy, 

= the bias current of the UC1901 

drivers. 


Where: 


As an example, consider the case where Vp is 
equal to 2V, f, is 1OOkHz, and the drivers are operat- 
ing at their internal bias levels. Using equation 1, 
the inductance looking into the primary winding 
with no secondary load must be greater than 7.1mH. 
Alternatively, if the carrier frequency is raised to 
1MHz and the bias levels of the UC1901 drivers are 
increased to 3.5mA, then Lu can be as low as 
150yH. Using high permeability ferrite material, this 
level of magnetizing inductance can be realized with 
as little as 10 turns on a small toroid core. 


Equation 1 sets a minimum limit on the magnetizing 
inductance for linear transfer of the carrier wave- 


load : 
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FIGURE 5: The UC1901 Driver Outputs Follow the Mod- 
ulator Output Square Wave, (a.), Sourcing 
and Sinking Current Levels Dependent on 
Transformer Inductance, Carrier Frequency, 
and Voltage Level. When the Bias Level of the 
Driver Outputs, Ip, is Reached, (b.), a Tri-state 
Waveform is Coupled Across the Transformer, 
the Peak Voltage Level Though, Remains Ap- 
proximately the Same. The Reflected Load 
Currents are Assumed Negligible. 


form. Actually, the amplitude information is ‘still 
coupled even when the inductance is less than this 
minimum. In this case, the UC1901 drivers will 
support the voltage across the coil until the peak 
current is reached. The result, illustrated in Figure 
5b, is a tri-state waveform at the transformer’s input 
and output. Peak detection of this waveform yields 


. the same amplitude information as the linear trans- 


fer case, although detection ripple will increase. 
Another situation which results in a tri-state wave- 
form exists when the carrier duty cycle is not 50%. 
In this case, the volt-seconds across the transformer 
will be balanced by an “imbalancing” of the driver 
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bias levels. The imbalance will be sufficient to cause 
the peak current to be reached during the > 50% 
portion of the carrier waveform. : 


. 5. The High Frequency Oscillator ~ 


The oscillator circuit on the UC1901 is designed 
to operate at frequencies of up to SMHz. To achieve 
this operating range the circuit shown in Figure 6 
uses only NPN transistors in those parts of circuit 
which are dynamically involved in the actual oscilla- 
tion. The standard bipolar process used to produce 
the UC1901 characteristically yields high f;, typically 
250MHz, NPN devices. Conversely, the same pro- 
cess has PNP structures with f;’s of only 1 to 2MHz. 
In the oscillator, PNP’s are used only in determining 
quiescent operating points of the circuit. 


The latched comparator formed by Q,-Q,, diodes 
D, and D,, and resistors R, and R, has a controlled 
input hysteresis which determines the peak to peak 
voltage swing on the timing capacitor C,. The timing 
capacitor C, is referenced to V,, since this is the 
reference point for the latched comparator’s thresh- 
olds. The comparator’s outputs at D, and D, switch 
the 2X current source through Q,,. changing the net 
current into the timing capacitor from positive to 
negative, reversing the capacitor voltage’s dv/dt. 
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When the resulting ramp reaches the comparator’s 
lower threshold, the current is switched back to 
Q,, and the ramp reverses until the upper thres- 
hold is reached and the process begins again. This 
results in a triangle waveform at C, and a squarewave 
signal at D, and D,. : 


The magnitude of the charging current is controlled 
by the external resistor, R; and the internally gener- 
ated voltage across it. This voltage is compensated 
to track variations in the comparator hysteresis. The 
tracking characteristics of this voltage stabilize the 
oscillation frequency over temperature and enhance 
the initial frequency tolerance. Typically, repeatability 
and temperature stability of the operating frequency 
are both better than 5%. 


The oscillator circuit has been optimized for a 
nominal R, of 10k. A desired operating frequency 
is obtained by choosing the correct value for C;. As 
shown in Figure 7, the oscillator frequency is give 
by the relation: 


1.24 


(2) fosc. = RC, 


for frequencies below 500kKHz. Above 500kHz, the 
solid line indicates appropriate C, values. There is 


Rr 
(10K) 


OUTPUT TO 
MODULATOR 


“. FIGURE 6: UC1901 High Frequency Oscillator Simplified Schematic. 
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no upper limit on the size of the capacitor used, 
thus allowing the oscillator to have an arbitrarily 
long period if desired. 


OSCILLATOR FREQUENCY - Hz 


Cy VALUE — PICOFARADS 


FIGURE 7: UC1901 Oscillator Frequency. 

To allow operation of the modulator with a carrier 
frequency that is driven from a system operating 
frequency or clock, the oscillator can be over-ridden. 
Tying C, to the input supply voltage disables the os- 
cillator. The modulator circuit can now be switched 
in synchronization with a signal at the external clock 
input. Internally, the clock signal is applied to the 
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latched comparator via the input device Qg, and the 
differential pair Q, and Q,. As the clock input goes 
high, Q, turns Q, off and Q, on, creating an offset 
across R, that is sufficient to switch the comparator. 
The comparator then, as before, drives the modula- 
tor. When the clock input returns low, the process is 
reversed. Using the external clock input, both the 
frequency and duty cycle of the modulator outputs 
are controlled. : 


6. A Status Output is More 
Than Just a Green Light 


Many systems today require a monitoring function 
on the supply output. The status output on the 
UC1901 can fill this need, a green light function, 
and can also be used to fill some more ‘“‘sophisti- 
cated” needs. The circuit in Figure 8 takes advan- 
tage of the status output in the start-up of an off-line 
forward converter. The UC 1901 is being used in an 
application where the switching supply ,must be 
synchronized to a system clock. The clock signal 
is generated on the secondary or output side of 
the supply. To allow start-up, the PWM oscillator is 
free-running when the line voltage is applied. As the 
supply voltage rises, the UC1901’s external clock 
input is driven at the switching frequency rate 
through resistors R, and R,. When the supply output 
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FIGURE 8: The Status Output on the UC1901 is used in the Start-Up of a Power Supply Synchronized to a Secondary 
Referenced Master Clock. The Coupling Transformer Carries the Feedback and Clock Signals. The Status 
Output is used to Sequence Clock Signals to the UC1901 External Clock Input During Start-Up. 
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reaches 90% of its operating level, the status out- 
put decouples the external clock input from the 
switcher and enables the UC1901’s clock input to 
be driven from the now operational system clock. 


On the primary side, the output of the coupling 
transformer is used before demodulation to provide 
a synchronization pulse to the PWM control oscilla- 
tor. Under normal operation, the entire power supply, 
including the feedback system, will be synchronized 
to the system clock. 3 


7. The UC1901 in an Off Line 
Flyback Converter 


As alluded to previously, flyback converters see 
wide use in off-line applications. The flyback topol- 
ogy has some general cost benefits which have 
spurred its use in low cost, low power (< 150W), 
off-line systems. Perhaps the two most significant 
of which are the need for only a single power 
magnetic element in the supply (no output filter 
inductor is required), and the ability to easily obtain 
multi-output systems by adding one additional 
winding to the coupling power inductor for each 
extra output. Also, the flyback topology, especially 
when used in the discontinuous mode, lends itself 
very well to the benefits of voltage feed-forward. 


7a. 60 Watt Dual Output Converter 


Shown in Figure 9 is a flyback converter designed 
with the UC1901 and a primary side control IC, the 
UC1840. The converter has two 30W outputs, one 
at 5V/6A, and another at 12V/2.5A. Minimum loads 
of 1A are specified at each output. The UC1901 is 
used to sense and regulate the 5V output. This out- 
putis specified at +2 percent (untrimmed), with load 
and line regulation of better than 0.2 percent. Respec- 
tively, the 12V output is specified at +5 percent 
with +6 percent load and line regulation. Regulation 
of the 12V output relies on close coupling between 
the 5V and 12V output circuits. 


The UC1840 controller has all of the features 
discussed previously for an off-line controller. In 
addition, it has some advanced fault protection 
features. Only parts of the UC1840’s capabilities 
are discussed here. For those desiring a more 
complete description, it can be found in the second 
reference mentioned at the end of this article. In the 
supply, the UC1840 sequences itself through start- 
up using the energy stored in C, by the trickle 
resistor R,,. Once the supply is up and running 
W,, the auxiliary winding on L,, provides power to the 


controller and the switch drive circuitry. The primary | 
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winding on the coupled inductor, W, is applied 
across the rectified and filtered Jine voltage at a 
60kHz rate via the FET switching device. L, is refer- 
red to as a coupled inductor, rather than as a trans- 
former, since the primary and secondary windings 
do not conduct at the same time. Energy is stored 
in the inductor core as the switching device con- 
ducts, and.then “dumped” to the secondary outputs 
when the device is turned off. 


The converter operates in the discontinuous mode. 
Operating in this mode, the total current in the 
coupied inductor goes to zero during each cycle of 
operation. In other words, the energy stored in the 
core during the beginning of a cycle is entirely 
expended to the load before the end of the cycle. 
This allows the inductor size to be minimized since 
its average energy level is kept low. The price paid 
for discontinuous operation is higher peak currents 
in the switching and rectifying devices. Also, high 
ripple currents at the supply’s output(s) make ESR, 
(equivalent series resistance), requirements on the 
output filter capacitors more stringent. 


7b. Discontinuous Flyback’s Forward 
Transfer Function 


The process of designing. a feedback network for 
the supply begins with determining the small signal 
transfer function of the converter’s forward control 
path. This path can be defined as the small signal 
dependency of the output voltage, Voyr, to, Vo, the 
control voltage at the input to the PWM comparator. 
As defined, the control voltage on the UC1840 ap- 
pears at the compensation output of its internal 
error amplifier. The transfer function of this path 
for the discontinuous converter is given by equa- 


tion (3). 
(3) ‘Vout (s) — Vin TPR, 1+ sC;-Rs 
Ve. Wa V Oty’ 1+8C,R, 
2 
Where 
Vin = level of the rectified line voltage, 
Va = The equivalent peak PWM ramp voltage- 
equal to the extrapolated control voltage 
input which would result in a 100% 
switch duty cycle, 
Tp = One period of the switching frequency, 
Ly = Magnetizing inductance of the primary 
winding, 
C, . = A total effective output filter capacitor, 
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R. = The total effective load, (assumed 
resistive), 

R, = ESR ofthe filter capacitor, 

s = 2rnijf, f is frequency in hertz. 


The word effective is used in describing R, and C, 
since, although we are interested in calculating the 
response to the 5V output, the loads at the 12V and 
auxiliary outputs must be accounted for. This is 
easily done by reflecting these loads to the 5V 
output using the corresponding turns ratio on the 
inductor. 


7c. Voltage Feedforward Steadies 
Response 


Equation 3 indicates a substantial dependency of 
the control response to both the load R,, and the 
input voltage, Vj. This can slightly complicate the 
design of the feedback network since both the gain 
and phase response of the loop will vary with oper- 
ating conditions. 


The benefits of feed-forward are easily illustrated at 
this point by examining its effect in this circuit. The 
UC1840 controlier uses resistor R; to sense the 
input voltage and proportionately scale the charging 
current into the PWM ramp capacitor, C,. Scaling 
the ramp slope is the same as scaling V,, the equiva- 
lent peak ramp voltage. The result is a modeled 
ramp voltage given by: 


(4) 
Rs Cz 


When this expression for V, is substituted into 
equation 3, the result is a forward transfer function 
that is independent of the input voltage. Not only 
does this simplify the feedback analysis, it also 
vastly improves the supply’s inherent rejection of 
line voltage variations. 


The forward response of the converter, plotted in 
Figure 10, has a single pole roll-off occurring 
between 11Hz and 38Hz depending on the load. 
The single pole roll-off allows the feedback network 
a bit of latitude since, from a stability standpoint, the 
loop bandwidth can be extended by simply adding 
broadband gain with an appropriate roll-off frequen- 
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FIGURE 10: Closing the Feedback Loop is Preceeded 
by the Characterization of the Converter’s 
Forward Smail Signal Transfer Function. 


cy. No mid-band zeros or led-lag networks are 
necessary, as might be for converters with doubie 
pole responses. Although, the zero resulting from 
the ESR of the filter capacitors can, if not taken into 
account, appreciably extend the loop bandwidth 
beyond its intended value. 


7d. Wide Bandwidth Gives Fast Transient 
Response At 5V Output 


This supply was designed to have a unity gain loop 
bandwidth of between 5 and 10kHz. With this band- 
width the supply’s control response to step load and 
line changes occurs in fractions of a millisecond. This 
is only true with regard to the 5V output. There is no 
feedback from the 12V-output therefore the output 
impedence of the 12V supply will be determined by 
IR losses, the dynamic impedence of the rectifying 
diodes, and the coupling efficiency between the 
inductor windings. This impedence is not reduced 
by the loop gain, as it is at the 5V output. As a result, 
the time constant of the response at this output will 
be considerably longer. 


The fast response of the 5V output and the relatively 
slow response of the 12V output are illustrated in 
Figure 11 which shows three oscilliscope traces 
in response to a 3.0A load change at the 5V output. 
The upper trace is the response of the 5V output 
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which has been expanded.and lowpass (< 15kHz) 
filtered slightly so the small signal loop character- 
istics can be seen. The trace below this is.the 12V 
output’s deviation due to cross-regulation limitations, 
the longer time constants involved are obvious. Both 
the fast response of the 5V loop, and the longer 
settling time of the 12V output. are apparent in the 
third trace. This trace is the fed back correction 
signal at the UC1840’s error amplifier output. From 
the middle trace the output impedence of the 12V 
supply can be estimated by noting the approximate 
ims time constant and dividing it by the 2000uF 
value of the 12V output filter capacitor. This gives a 
value of 0.522 for the output impedence. This agrees 
well with actual measurements of the 12V output’s 
load regulation. 


50 
mv/DV 


vio t 


Ims/DIV 


FIGURE 11: The Transient Response of the 5V Output 
(lop Trace), to a 3.0A Step Load Change 
Reflects the Extended Bandwidth of the 5V 


Loop. The Open-Loop 12V Output (Middle), 
Responds to the Effects of Cross Regula- 
tion. The Feedback Error Signal (Lower) 
Coupled Through the UC1901 is Measured 
at the UC1840 Error Amp. Output. 


7e. The Feedback Response 


Plotted in Figure 12 is the response of the feedback 
network. Also plotted are the asymptotic gain lines 
of the two contributing gain blocks, the UC1901 
response (from 5V output to detector output) and 
the UC1840 error amp response (detector output to 
the PWM control voltage). The UC1901’s error ampli- 
fier is run open loop at DC but is quickly rolled off to 
8dB. With the 12dB of modulator gain, the UC1901 
feedback system has a broadband gain of 20dB. A 
pole at 16kHz is added to reduce the gain through 
the UC1901 error amplifier at the 60kHz switching 
frequency. As mentioned earlier, excessive gain at 
the switching frequency can “use up” the dynamic 
range of the UC1901’s AM output. 
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The UC1901 is operated with a carrier frequency 
of 500kHz. The coupling transformer, a Coilcraft 
E3493A, (double E core, bobbin wound construction), 
has a magnetizing inductance of 2.1mH. At 500kHz 
the peak current required to drive the primary 
winding is only 475A per peak volt. The reflected 
load current is kept much smaller. This allows the 
transformer to be easily driven from the UC1901 
driver outputs. The E3493A is widely used as a 
common mode line choke, and is rated for V.D.E. 
and ULL. isolation requirements. The transformer 
has a current rating of 2A, greatly exceeding the 
requirements of this application. Even though the 
device is larger than some alternatives, its availa- 
bility and high volume pricing, as well as its isolation 
capability, make it a very suitable choice. 


At the output of the transformer the diode-capacitor 
detector is referenced, along with the inverting input 
of the UC1840 error amplifier, to the UC1840’s 5V 
reference. The operating point of the detector is 
fixed at 0.5V by the divider formed by R,;, and R,; in 
Figure 9. This in turn sets the operating point of 
the carrier, with a detector diode drop of 0.5V, at 
about 1V peak. This level is reflected back through 
the one-to-one transformer to the UC1901 outputs. 
A 1V operating point is approximately at the center 
of the devices dynamic range. 


The load current at the detector output is 50/A, set: 
by the 0.5V operating level and R,.. The peak to 
peak detector ripple, at 500kHz, across the .0015yF 


holding capacitor is about 35mV. The gain through 
the UC1840 error amplifier at 500kHz is -26dB, 
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FIGURE 12: Local Feedback Around the UC1901 and 
1840 Error Amplifiers is Used to Obtain the 
Desired Feedback Response. . 
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attenuating the ripple to less than 2mV. at the error 
amplifier output. - ae 


The response of the UC1840 error amplifier is flat 
‘out to 1kHz where the gain is rolled off to set the 
laop’s Odb frequency. The DC gain is kept as high 
as possible, to fix the detector operating point, 
without actually having a series integrating capaci- 
tor in the feedback. If both the UC1901 and the 
UC1840 error amplifiers are run open loop at DC, 
with series R-C networks to set the AC gain, the total 
phase margin at low frequencies can become small 
or nonexistent. The result can be instability or, more 
likely, a peaked closed loop response that can 
increase the low frequency noise level of the supply. 


The distribution of gain between the UC1901 and 
UC1840 error amplifiers is somewhat, although not 
entirely, arbitrary. Keeping the 500kHz ripple at the 
PWM comparator input below a certain level puts 
restrictions on the AC gain of the PWM’s error ampli- 
fier. To much AC gain through the UC1901’s ampli- 
fier can degrade the. supply’s transient response 
under large signal conditions. A suitable distribu- 
tion for any application will, more than likely, be an 
‘iterative. procedure. A simple computer or :pro- 
grammable caiculator program can be a great tool 
when massaging these aspects of a design. 
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FIGURE 13: The Over-All Open-Loop Response of the 
Supply Will Determine the Supply’s Over- 
All Stability and Small Signal Transient 
Response. 


The overall open-loop responses, plotted in Figure 
13, will not vary significantly except as indicated 
with load. The desired loop bandwidth has been 
achieved with an adequate phase margin of > 50°. 
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The result is a supply with very repeatable, as well 
as‘stable, operating characteristics. The samé type 
of analysis for determining the required feedback 
response can. be used in applying the UC1901 to 
any type of isolated closed loop supply. The choice 
of coupling transformer and carrier frequency used 
with the UC1901 should be based on individual 
system requirements. 
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VERSATILE UC1834 OPTIMIZES 
LINEAR REGULATOR EFFICIENCY 


Linear voltage regulators have long been an important resource to power supply 
designers. Three terminal, fixed-voltage linear regulators find extensive use as “spot” 
regulators and as post-regulation stages fed by switched-mode supplies. However, 
while inexpensive and simple to use, these devices have several performance limitations. 


First, three terminal regulators are inefficient power converters. Power dissipation ina 
linear regulator is given by the relation: 


P = Io ° (VIN - Vout). 


Most monolithic regulators now available require an input-to-output voltage differen- 
tial of at least 2 to 3V. This requirement can result in substantial inefficiency, particu- 
larly in low voltage supplies. As switched-mode power technology matures, power 
losses incurred in linear post-regulation stages are becoming more significant in terms” 
of overall system efficiency. 


Second, fixed-voltage regulators, with fixed maximum output currents, lack versatility. 
The use of these devices requires that OEMs maintain large, diverse inventories in order 
to support a broad range of power supply requirements. 


Third, fixed three-terminal devices lack the:capability of remote voltage sensing, and 
therefore can exhibit poor load regulation. 


Finally, the most common failure mechanism for linear regulators is a shorted pass 
transistor. All critical loads, therefore, require over-voltage protection not provided by 
three-terminal regulators. 


IMPROVED PERFORMANCE WITH UC1834 


The UC1834 is a programmable linear regulator control IC which, with an external pass 
transistor, forms a complete linear power supply. This IC provides solutions to all the 
above-mentioned drawbacks of three-terminal devices. 


Figure | shows the basic elements of positive and negative regulators implemented with 
the UC1834. An error amplifier monitors the output voltage and provides appropriate 
bias to the pass transistor (QI) through a driver stage. This high-gain error amplifier 
(E/ A) allows good dynamic regulation while allowing Q] to operate near saturation in 
the common-emitter mode. The circuits can achieve high efficiency by maintaining 
output regulation with an input-to-output voltage differential as low as 0.5V (at 5A). 
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The UC1834 has both positive and negative reference voltage outputs, as well as a 
sink-or-source driver stage, as shown in Figure |. These features allow implementation 
of either positive or negative regulators with this single IC, as shown. Output voltages 
from 1.5V to nearly 40V can be programmed by appropriate choice of remote sensing 
divider elements. Remote sensing also allows improved DC and dynamic load 
regulation. 


VihO Qi OVour 


VinO 


Vin 


SINK 


UC1834 


VOLTAGE 
REF. 


Vin Qi: Vout 


Figure 1. Basic Elements of (a.) Positive and (b.) Negative Regulators 
implemented with a UC1834 
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The UC1834 is intended to provide a complete linear regulation system. Therefore, 
many auxiliary features are included on this IC which eliminate the need for additional 
circuit elements. Figure 2 shows a more complete block diagram including on-chip 
provisions for current sensing, fault monitoring, remote voltage sensing, and thermal 
protection. 


“VOLTAGE 


Vint 


[15] O.V. LATCH & RESET 
COMPENSATION/SHUTDOWN 


FAULT DELAY 


[10] FAULT ALERT 


THRESHOLD ADJUST [ 4 | 


? 
CUR: 
SENSE 35 
AMP VOLTS 
THERMAL 
SHUTDOWN 


Figure 2. UC1834 Block Diagram 


DRIVING THE PASS TRANSISTOR 


Figure 3 shows suggested pass transistor configurations for implementing either posi- 
tive or negative regulators with the UC1834. For those low current (S200mA) applica- 
tions in which efficiency is not extremely critical, the UC1834 output transistor can 
serve as the pass element, resulting in the simple configurations of Figure 3a. An 
external pass transistor is needed for output currents greater than 200mA. With the 
circuits of Figure 3c, the UC1834 can maintain regulation while operating the pass 
transistor near saturation. Operation at very high output currents (to ~ 30A) is possible 
with the Darlington pass elements of Figure 3d. 
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Positive Output : - Negative Output 
ViN Véur GND O-————_-_—_——__© GND 
Ql Ql 
13} 


a. lout: 0 - 200mA 


GND Q——-_______-—- GND Vin O © Vout 
Vin - Vout 2>1.0V i 


O- Q2 —~O oO .e) 


© —O 
b. lout > 200mA oO Q2 © 
Vin - Vout 1.2V 


Qi 
Re 
Oo : om 


c. lout: 0 - 5A 
Vin - Vout20.5V 


Ql 


O= —O Oo O 


d. lout > 5A 
Vin ~ Vout 21.2V 


Figure 3. Pass Transistor Configurations 
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Current in the UC1834 output transistor is self-limiting, for improved reliability. This 
limiting is achieved by Q3 and R1 in Figure 4a. The resulting maximum output current 
is a function of temperature as shown in Figure 4b. 


A resistor (Rg) is shown in series with the drive transistor in Figures 3c, d. This resistor 
shares base-drive power with the transistor, allowing cooler, more reliable operation of 
the IC. Rg should be as large as possible while still supporting adequate pass transistor 
base current under worst-case conditions of low input voltage and maximum output 
current: ‘ 


VR«E(min) = VIN(min) = VBE(maxXQ2) = VCE(sat(maxXQ1) 


TB¢max)(Q2) = 1o(max)/ BaninyQ2) 
RE(opt) = VRg(min)/1B(max\Q2) 


where: VRg(min) is minimum voltage available to Rp 
IB(max) (Q2) is maximum required base drive to Q2 
RE opt) is optimum value of Rr. 


Rg also enhances stability by allowing operation of Q1 as an emitter-follower, thereby 
eliminating Bqi from the loop transfer function: 


Ic@Q1) ~ IE(Q1) = (VE/A out - VBE(Q1) - VBE(Q2))/RE (f independent). 


400 
300 | 
limes 
(mA) 
200 
100 “ 
0 
55 25 125 
T (°C) 
a b. 


Figure 4 a. Driver Current Limiting Circuit 
b. Resulting Maximum Current vs Temperature 
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CURRENT SENSING 


In order to protect the pass transistor from damage due to overheating, one must sense 
its emitter current (Ig) and then decrease the base drive if Ip is excessive. The UC1834 
current sense amplifier (CS/A) accomplishes these tasks. 


The UC1834 CS/A has a common mode range which includes both input supply 
“rails”. This extended range is made possible by introducing matched voltage offsets in 
the differential input paths, as shown in Figure 5. Internal current sources bias the offset 
diodes in their appropriate direction. Which bias source (+ or -) is active is determined 
by whether the CS/A positive (+) input is greater or less than Vqn/2. Therefore, it is 
advisable to configure the sensing circuit such that the voltage at CS/ A(+) will not cross 
Vin/2 during operation. This precludes sensing in series with the load for most 
applications. 


UC1834 


Figure 5. Two Diode-Drop Offset Allows Current Sensing at Supply Rail 


The CS/A has a programmable current limit threshold which can be set between OmV 
and 150mV. Programming is achieved by setting the voltage at the “Threshold Adjust” 
terminal (pin 4) to 10 + VrHdesired). The factor of 10 provides good noise immunity at 
pin 4 while allowing low power dissipation in the current sensing resistor. Figure 6 
shows the guaranteed relationship between Vprn4 and the actual resulting threshold 
across the CS/A inputs. Note that the threshold is clamped at 150mV if pin 4 is open or 
if VpIna > 1.5V. The “Threshold Adjust” input is high impedance (bias current is less 
than 10uA), allowing simple programming through a voltage divider from the 1.5V 
reference output. However, loading the 1.5V reference will affect the regulation of the 
-2.0V reference. Figure 7 shows how to compensate for this loading with a single 
resistor when the -2.0V reference is needed. 
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UPPER LIMIT 
1 
UC1834/2834 
UC3834 


LOWER LIMIT 
UC1834/2834 
UC3834 


CURRENT SENSE THRESHOLD — mv 


c0) 5 10 15 >1.5V OR OPEN 
VOLTAGE AT THRESHOLD ADJUST PIN (PIN 4) — V 


Figure 6. Guaranteed Tolerances on C/S Threshold Adjustment 


UC1834 


J 1.25v 
REFERENCE ah 
CIRCUIT 


= . Re 
1.44kQ Vans . 1.5V Rit Re 
*TO MANTA -2.0V OUTPUT 
Rs “TS * (Ri + Re) 


Figure.7. Setting the Current Threshold and 
Compensating the —2.0V Reference 


The CS/A functions by pulling the E/A output low, turning off the output driver 
(Figure 8). As current approaches the threshold value, the E/ A attempts to correct for 
the CS/A output, resulting in an E/A input offset voltage.The supply output voltage 
can decrease a proportional amount. When-the CS/A input voltage differential reaches 
the current sense threshold, then the pass transistor is totally controlled by the CS/A. 
The combined CS/A and E/A gains and output configurations result in the current 
limit knee characteristic of Figure 9. 
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NI. 
DRIVER 
INV. 
i 
SENSE- 
SENSE+ 
THRESHOLD 


ADJUST 


Figure 8. Current Sense Tied to E/A Output 
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Figure 9. Current Limiting Knee Characteristic 
FOLDBACK CURRENT LIMITING 


It is desirable to put an upper limit on pass transistor power dissipation in order to 
protect that device. Ideally, for a constant power limit: 


Ig«max) * Vcr = K where K is a constant 
or: Ikqnax) ~ K/(Vin - Vout) (ignoring the sense resistor voltage drop). 


As the input-to-out voltage differential increases, it is necessary to “fold back” the - 
maximum allowable current. This ideal foldback characteristic is shown in Figure 10, 
along with a practical characteristic achievable with the circuit of Figure 11. 
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0.1 (aps) \ --- IDEAL 
Rsense \ —- PRACTICAL 


lo = lo 


o- 


Vce = Vin Vout 


Figure 10. Ideal (Dashed Line) and Practical (Solid Line) 
Foldback Current Limiting Characteristics 


Ro 
le Reense PASS DEVICE 


IEMAX(Typican 


CURRENT + 
THRESHOLD = 0.1(Vao.)— (Vin - Vout) Ry, 
ADJUST R R, + Rz) R 
VOLTAGE (Vave) SENSE ( 2) SENSE 
FOR: Ry + Re >> Rsense, Vay < 1.5V. 
RY =R. 


Figure 11. Foldback Current Limiting — Responds to Changes in V,y or Vout 


This circuit responds to changes in either Vin or Vout. The voltage differential Vin - 
VourT causes proportional current flow through Rj and Rg. The additional drop across 
Rj is interpreted by the CS/A as additional load current. The result is that the real 
current limit decreases linearly with VIN - Vout: 


0.1(VaDs)_ _ (Vin — Vout) Ri 


Ig = : 
aed RSENSE (Ri + Ra) RSENSE 


for: Ri + Ro> RSENSE 
Vaps = 1.5V 
Ri = R1. 


9-33 


APPLICATION NOTE ~  Y-95 


This technique can be susceptible to “latch-off”. If a momentary short at the supply 
output causes Ig to drop to zero (pass transistor cut off), then VouT cannot recover 
when the short is subsequentially removed. To prevent this undesirable operation, one 
must ensure that Ixqax) > 0 when Vout = 0 and Vin is at its minimum: 


_ 0.1(Vaps) (Vin - Vout) Ri 
Ik(max) yee 


RSENSE (Ri + Ro) RSENSE 
Vout = 0 
VIN(nin) 
0.1(VaDg) Ri 
VIN(min) Ri + Re 


Vinamin) R 0:1 (Vapi 
Ro > ViNtmim) Ra (1: Wap) 


0.1 (Vapg) VINGnin) 


Figure 12 shows an alternative foldback current limiting scheme which responds to 
decreased Vout only. This circuit gives the output characteristics of Figure 13, defined 
by the following relation: ; 


0.1 ez Vout + RaR3 we | 
IEqmax) = ee 


RSENSE RiRe2 + RiRg + ReR3 
This technique is immune to “latch-off” because the minimum current limit is always 
non-zero, 


' PASS 
Vest om SENSE DEVICE 


Figure 12. Foldback Current Limiting — Responds to Changes In Voy; Only 


9-34 


APPLICATION NOTE 


1 
L i: 
| | 
lemax) t 
: 1 
[a 
1 
| 
[-—+ 4 
ae = = 
ov Vout (Designed) 
Vout 


Figure 13. Foldback Current Limiting Characteristic 
FAULT CIRCUITRY AND SYSTEM INTERFACING 


In order to minimize the need for additional components, the UC1834 has on-chip 
provisions for fault detection and logic interfacing. These features are particularly 
useful when the linear regulator is part of a larger power supply system. 


As shown in Figure 14, an internal comparator monitors the UC1834 E/ A inputs. This 
comparator has two thresholds, for over- and under-voltage detection. Comparator 
thresholds are fixed at| Vii. - Vinv. | = 150mV. The resulting output voltage windows 
for non-fault operation are: 


.1S0V 
— = + 10% for positive (+) supplies 
.150V ; 
a = + 7.5% for negative (-) supplies. 


A fault delay circuit prevents transient over- or under-voltage conditions (due to a 
rapidly changing load) being defined as faults. The delay time is programmable. An 
external capacitor at pin 11] is charged from an internal 754A source. The delay period 
ends when the capacitor voltage reaches ~3.5V. The delay time is therefore ~47ms/ pF. 
The fault alert output (pin 10) becomes an active low if an out-of-tolerance condition 
persists after the delay period. When no fault exists, this output is an open collector. 


An over-voltage fault activates a 100mA crowbar gate drive output (pin 16) which can 
be used to switch on a shunt SCR. Such a fault also sets an over-voltage latch if the reset 
voltage (pin 15) is above the latch reset threshold (typically 0.4V). When the latch is set 
its Q output will pull pin 15 low through a series diode. As long as a nominal pull-up 
load exists, the series diode prevents Q from pulling pin 15 below the reset threshold. 
However, pin 15 is pulled low enough to disable the driver outputs if pins 15 and 14 are 
tied together. With pin 15 and 14 common, the regulator will latch off in response to an 
over-voltage fault. If the fault condition is cleared and pins 14 and 15 are momentarily 
pulled below the latch reset threshold, the driver outputs are re-enabled. 
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a OVER-VOLTAGE 
ERROR 

AMP. 

It 7 


DELAY RESET LATCH. K 
: 


15] O.V. LATCH & RESET 
{ 14] COMPENSATION/SHUTDOWN 
[11] FAULT DELAY 


(10} FAULT ALERT 


Figure 14. Fault Circuitry 


Us 


An internal “delay reset latch” prevents crowbar turn-on when an under-voltage 
condition is immediately followed by a transient over-voltage condition. Such a situa- 
tion could arise from a momentary short circuit at the supply output. . 


A thermal shutdown circuit pulls the E/A output low when junction temperatures 
reach 165°C, in order to protect the IC from excessive power dissipation in the drive 
transistor. 


COMPENSATING THE FEEDBACK LOOP 


A reliable design for any feedback system must yield a closed-loop frequency response 

which ensures unconditional stability. An optimum power supply response provides 
this stability while maximizing broadband gain for good dynamic voltage regulation 
with changing loads. Figure 15 illustrates such a response. The 0dB crossover frequency 
(fc) should be as high as possible while maintaining phase margin above -360° at all 
lower frequencies (Nyquist stability criterion). In practice, this criterion dictates a 
single-pole response below fe. 
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—20dB/dec 


|» As high as possible 


Frequency (log scale) 


—20 
Phase fc 
o° + 


er ae —180° due to 
negative feedback 


phase margin 


Circuit Oscillates if Phase 
reaches —360° when Gain is > 0dB 


Figure 15. Desired Closed-Loop Response 


Linear supplies using the UC1834 will usually have a current limiting loop in addition to 
the voltage control loop, as illustrated for two basic configurations* in Figure 16. Both 
loops must be stabilized for reliable operation. This is accomplished by appropriately 
compensating the ‘E/A and CS/A at their common output (pin 14). Design of the 
compensation networks will often require an.iterative procedure, since the compensa- 
tion for one loop will affect the response of the other. A straightforward approach is 
outlined below: 


1). Determine the frequency response of all voltage loop elements excluding the. 
E/A. Appendix I offers guidelines for this step. 


2). Design.E/A compensation giving a frequency response which , when added to 
the response calculated in step 1, will yield a total loop characteristic 
consistent with the objectives outlined above. (Appendix II.) 


3). Calculate the current loop response and determine whether it satisfies the 
Nyquist stability criterion. (Appendix III.) If not, add additional 
compensation and then recalculate, the voltage loop response. 


4). Iterate if necessary. 


*All other configurations of Figure 3 are variants of these two, and can be treated in essentially the same ways. 
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CONFIGURATION | CONFIGURATION i 

O- —? O 
Ree 
VOLTAGE Vt 
LOOP Ve <i 
Re 
oO +O 
a. b. 


ie O 
CURRENT 
LOOP 
O O O- Oo 
c. d. 
Figure 16. Voltage and Current Loops for Two Basic Configurations 
EXAMPLE 


Figure 17 shows a 5V, 5A (positive output) supply of the class shown in Figures 16a, c. 
This circuit tends toward instability when it is lightly loaded because of the high gain 
(8 = 200) of the pass transistor at low currents. Output capacitor C2 is needed to 
introduce a pole which rolls off the gain of the voltage loop to 0dB at 100kHz, avoiding 
instability due to the additional phase-shift of a transistor pole at: 


Assuming a minimum load of 1A (Rx = 50), the low fre 


quency voltage loop gain, 
excluding the E/A, is (from Appendix I): 


1 0.51k0 
Av = ——: 200-50 - 


——_—____ = 20 = 26dB. 
150 (1.7 + 0.51) kO 


9-38 


APPLICATION NOTE U-95 


0180 Q1:GE D45VHI 


Vint 
(5.5 to 12V) R, 


2. 
pares etn 


Vour (5V) 
Ce Cs 


6.8yF == 0.22 
(TANTALUM)} (CERAMIC) 
an 


Cs—— .047 uF 


680 


Re RESET 
g S: : 


Ver- O 


Figure 17. 0.5V Input-Output Differential 5A Positive Regulator 


A pole at 5kHzis required in order to roll off from 26dB to 0dB at LOE: The required 
value of Cg is therefore given by: 


1 


1 
Co: ln RL fp = 2a 50- SkHiz = 6.4uF (6.8uF used). 


The dashed curves of Figure 18a show the resulting voltage loop response, excluded the 
compensated E/ A. Notice that the 5k Hz pole (just added )itself introduces undesirable 
phase lag. Thiscan be corrected by positioning the compensation zero (see Appendix II) 
at the same frequency. With Rg= 6800 (providing ~ 0dB E/ A gainabove 5kHz), then: 


1 
= = 047 pF. 
C5 = “sr 680 - SkHz E 


The gain and phase of the compensated E/A (dotted lines) and complete voltage loop 
(solid lines) are also shown in Figure 18a. 


The resulting current loop response (Figure 18b) is seen to meet the stability criterion. 


Gain above S5kHz is given by (from Appendix III): 


1 1 
= ——: 200 - 0.01 2.3 =7. 
Al 700 * 6800 - 150 0180 = 4dB. 
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Figure 18. Loop Responses for Circuit of Figure 17 
a. Voltage Loop 
b. Current Loop 


Reasonable phase margin (~40°) is maintained as the transistor and CS/A poles roll 
off this small gain to OdB. 


Figure 19 shows the UC1834 used to implement a negative output supply. A Darlington 
pass element provides adequate gain for operation at output current levels up to 10A. 


CONCLUSION 


Ever-increasing requirements for improved power supply economy and efficiency have 
produced a need for a versatile control IC capable of minimizing power losses in linear 
regulators. The UC1834 meets this need while also supporting all the auxilliary func- 
tions required of such supplies. This control circuit provides for optimized performance 
in a broad range of linear regulators, and in fact extends the range of applications for 
which such regulators are appropriate. 
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Figure 19. —12V, —10A Negative Regulator 
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APPENDIX I - FREQUENCY RESPONSE OF VOLTAGE LOOP ELEMENTS 


A. The configuration of Figure 16a has, in addition to the compensated E/A, the 
following loop elements: 


© Drive Transistor - Re allows.operation of the driver as an emitter follower. 
Together these elements have an effective small signal AC conductance of 1 /Re. 


® Pass Transistor - Low frequency gain (8) and unity-gain frequency (f7) are usually 
specified. The pass transistor adds a pole to the loop transfer function at fp = fr/ B. 
Therefore, in order to maintain phase margin at low frequencies, the best choice for 
a pass device is often a high frequency, low gain switching transistor. Further 
improvement can be obtained by adding a base-emitter resistor (RBE in Figure 16a) 
which increases the pole frequency to: 


fp = fr ( + B: =) 
B RBE 

kT _ 0.026mV 

qIc Ic 


where: re = (at T = 300K). 


© Load Impedance - Load characteristics vary greatly with application and operating 
conditions. The most commonly used models and their respective (s domain) 
transfer functions are given in Table 1. Note that there are no poles in the transfer 
functions of those loads which lack shunt capacitance. This can result in a loop 
transfer function which cannot be rolled off to 0dBata suitably low frequency using 
simple E/A compensation networks. For this reason ‘a shunt output capacitor is 
often added to supplies which must drive loads having low or indeterminant 
capacitance. 


© Voltage Divider - The output sensing network introduces a gain of R2/(Ri + Ra), 


¢ Total Loop Gain, excluding the E/A, is therefore given by: 


Ve 1 R2 fr ( fn) 
Av = =—: *ZL° for f<— [1+ —— 
ve VE RE PEARS 2k Ri+Re2 * B RBE / 


B. The circuit of Figure 16b has a more straightforward response, since the only element 
(other than the E/A) which introduces any gain is the voltage divider: 


Ro 


Ay = ——— 
¥ Ri + Ro 
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Load Mode! Poles @ f= 
_ (I + s(ESR)C) 1 1 

) "T+ s(R + ESR)C 2a(R + ESR)C Im(ESR)C 
Sa 


R+sL 
a) 
sige 
. L 


-R/L + Vv R4/L?- 4/LC 


4n 


Table 1. Load Models and their Transfer Functions 


9-43 


APPLICATION NOTE 


APPENDIX II - ERROR AMPLIFIER RESPONSE 


Figure 20 shows the open-loop gain and phase response of the UC1834 E/A when 
lightly loaded. The gain curve represents an upper limit on the gain available from the 
compensated amplifier. Note that a second-order pole occurs near 800kHz. Stable 
circuits will require a 0dB crossover well below this frequency (fe < 500kHz). 


The E/A can be compensated with or without the use of local feedback. When operated 
without such feedback (Figure 21a) the transconductance properties of the E/A 
become evident; i.e. the voltage gain in given by: 


Av(g/A) = gm Zc (f S 500kHz) 


where: gm = 7000 1.4mS 


80 


OUTPUT AT PIN 14 
WITH 820pF TO GND. 
T= 25°C 


8 


> 
o 


ix) 
=} 
$33Y¥930 — 3SWHd 


VOLTAGE GAIN — DECIBELS 


°° 


FREQUENCY — HERTZ 
_ Figure 20. Error Amplifier Gain and Phase Frequency Response 


When the E/A has local feedback (Figure 21b), its gain is, to a first approximation, 
independent of transconductance: 


Zz : : 
AV(B/A) = ae es (f S 500kHz) 


Figure 21. E/A Compensation (a.) Without and (b.) With Local Feedback 
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However; the use of local: feedback creates ‘an additional ‘loop which must be 
independently stable. The UC1834 has no internal compensation to ensure this 
stability, so additional external compensation is usually required. An 820pF capacitor 
from. the E/A output to ground will stabilize this inner voltage loop while also 
enhancing current Joop stability. 


An additional drawback to the use-of local feedback is that Zx places a DC load on the 
E/A output. With a transconductance amplifier this results in additional input offset 
voltage: 


_ Tg/aoutT 

A Vio = &m 

This offset results in degradation of DC regulation. The problem can be averted by 
taking local feedback from the emitter of the drive transistor if the driver is configured 
as an emitter-follower. ; 


Whatever the compensation scheme, the UC1834 E/A output can sink or source a 
maximum of 100uA. 


Table 2 shows two typical compensation schemes and the resulting E/A transfer 
functions. The first of these circuits is most widely used. 


[Compensation Citcuit| “E/A Gain (Aveya(s) | Poles @ f= 


Aga gm(1 + sRC) 
sC 


e RF. : 
~ Rin (1 +s RpCR) 
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APPENDIX III - FREQUENCY RESPONSE OF THE CURRENT LOOP 


© CS/A - Figure 22 shows the open-loop gain and phase response of the UC1834 
CS/A. This is also a transconductance amplifier, having gy ~ 1/700 = 14mS. The 
voltage gain is analogous to that of the E/ A. The E/ A compensation impedance (Zc 
or ZF(R/A)) is also seen by the CS/A output. For purposes of small signal AC 
analysis, the CS/A will always see this impedance as being returned to ViN (as 
shown in Figures 16c, d) when the E/A is compensated by either of the methods 


shown in Table 2. 


lp 


80 


60 


40 


VOLTAGE GAIN — DECIBELS 


20 


| 
Sa Ske 
aes 


OUTPUT AT PIN 14 
we rope TO GND. 


$334930 — 3SWHd 


100 1K 10K 100K 1M 


180, 


FREQUENCY — HERTZ 


Figure 22. Current Sense Amplifier Gain and Phase Frequency Response 


e Pass Transistor - Introduces current gain f to the loop transfer of both basic 
configurations (Figures 16c, d).Considerations outlined in Appendix I also apply 


here. 


© Sense Resistor - Resistance value RgensE appears in transfer function for both 


configurations. 


© Drive Transistor - In the circuit of Figure 16c, Rg allows operation of the driver as 
an emitter-follower. Effective conductance is 1/Rp. ; 


Closed-loop seapontee are given by the following: 


for circuit of Fisue 16c: 


Al = 8mM* Zc> —— - 8: RsENSE £< S00KH, f< (I+ Bre 
RBE 
for circuit of Figure 16d: 
A R ee ee (pee 
= _s- - B- a + 
1=8M * 704 p7;, 8° RSENSE < z, B RBE 


Unitrode Integrated Circuits Corporation 


7 Continental Boulevard. ¢ P.O. Box 399 ¢ Merrimack, New Hampshire e 03054-0399 


Telephone 603-424-2410 ¢ FAX 603-424-3460 
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A 25 WATT OFF-LINE FLYBACK SWITCHING REGULATOR 


Introduction . 
This Application Note describes a low cost (less than 
$10.00) switching power supply for applications 
requiring multiple output voltages, e.g. personal 
computers, instruments, etc...The discontinuous 
mode flyback regulator used in this application pro- 
vides good voltage tracking between outputs, which 
allows the use of primary s' ide voltage sensing. This 
sensing technique reduces costs by eliminating the 
need for an isolated secondary. feedback loop. 
The low cost, (8 pin) UC3844 current mode control 
chip employed in this power supply provides 
performance advantages such as: 

1) Fast transient response 

2) Pulse by pulse current limiting 

_ 3) Stable operation 

To simplify drive circuit requirements, a TO-220 
power MOSFET (UFN833) is utilized for the power 
switch. This switch is driven directly from the output 
of the control chip. 


Power Supply Specifications 
1. Input voltage: 95VAC to 130VAC (50HZ/60H2) 
2. Output voltage: 

A. +5V, +5%: 1A to 4A load 
Ripple voltage: 50mV P-P Max. 
+12V, +3%: 0.1A to 0.3A load 
Ripple voltage: 100mV P-P Max. 
— 12V, +3%: 0.1A to 0.3A load 
Ripple voltage: 100mV P-P Max. 
3. Line Isolation: 3750 Volts 
4. Switching Frequency: 40KHz 


5. Efficiency @ Full Load: 70% 


Basic Circult Operation 

The 117VAC input line voltage is rectified and 
smoothed to provide DC operating voltage for the 
circuit. When power is initially applied to the circuit, 
capacitor C2 charges through R2. When the voltage 


B. 


Cc. 


across C2 reaches a level of 16V the-output of IC1 is 
enabled, turning on power MOSFET Q1. During the 
on time of Q1, energy is stored in the air gap of trans- 
former (inductor) T1. At this time the polarity of the 
output windings is such that all output rectifiers are 
reverse biased and no energy is transferred. Primary 
current is sensed by a resistor, R10, and compared to 
a fixed 1 volt reference inside IC1. When this level is 
reached, Q1 is turned off and the polarity of all 
transformer windings reverses, forward biasing the 
output rectifiers. AH the energy stored is now. trans- 
ferred to the output capacitors. Many cycles of this: 
storelrelease action are needed to charge the 
outputs to their respective voltages. Note that C2 
must have enough energy stored initially to keep the 
control circuitry operating until C4 is charged to a 
level of approximately 13V. The voltage across C4 is 
fed through a voltage divider to the error amplifier 
(pin 2) and compared to an internal 2.5V reference. 


Energy stored in the leakage inductance of T1 
causes a voitage spike which will be added to the 
normal reset voltage across T1 when Q1 turns off. 
The clamp consisting of D4, C9 and Ri2 limits this 
voltage excursion from exceeding the BVDSS rating 
of Q1. In addition, a turn-off snubber made up of D5, 
C8 and: R11 keeps power dissipation in QT low by 
delaying the voltage rise until drain current has 
decreased from its peak value. This snubber also 
damps out any ringing which may occur due to 
parasitics. 


Less than 3.5% line and load regulation is achieved 
by loading the output:of the control winding, Ne, with 
R9. This resistor dissipates the leakage energy asso- 
ciated with this winding. Note that R9 must be 
isolated from R2 with diode D2, otherwise C2 could 
not charge to the 16V necessary for initial start-up. 


- A small filter inductor in the 5V secondary is added 


to reduce output ripple voltage to less than 50mV. 
This inductor also attenuates any high frequency ~ 
noise. 
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Li (Note 2) 
50 OL = 


06 
USD945 


VARO 
Li7vac | VARO, 


| cl : R12 
O 250uF 47K 
250V 2w 
R2 
56K 
2W 
UFS1002 12 
02 D3 2200uF 
aK Bx 1N3612 1N3612 N12 év 


Ro 4 N12 3 
ru 2200uF 
3w ® ps vo 
22uF 2OV. UES1002 ev 
ucs3sa4 a éa 
220 6800F 


600V 


aNSa20 "RB 
c? Rie. DS 
470pF a 1N3613 


Notes: 1. All resistors are ‘/ watt unless noted 
2. See Appendix for construction details 


C6 
0022uF 


BLOCK DIAGRAM 


1 5 
S/R | REF 


INTERNAL 


CURRENT 
SENSE POWER 
COMPARATOR GROUND 


CURRENT 3 7s 
SENSE 


Note: 1.[A/B] A = DIL-8 Pin Number, B = SO-14 Pin Number. 
2. Toggle flip flop used only in 1844 and 1845. 


UC3842/3/4/5 CURRENT MODE PWM CONTROLLER 
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TYPICAL SWITCHING WAVEFORMS 


Ton — Drive waveforms = | , Tott — Drive waveforms - 


- SSVI 


200MA/DIV 
a ae 


Upper trace: Q, — Gate to source voltage Upper trace: Q, — Gate to source voltage 
Lower trace: Q, — Gate current Lower trace: Q, — Gate current 


100V/DIV. 5A/DIV 

O5A/DIV- . 50mv/DIV 
Upper trace: Q, — Drain to source voltage Upper trace: + 5V charging current 
Lower trace: Primary current — Ip Lower trace: +5V output ripple voltage 
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PERFORMANCE DATA 
.- 12V out 


CONDITIONS 
Low Line (95VAC) 
+12 @ +5V @ 1.0A 


4.0A 


+12 @ +5V @ 1.0A 
300mA 


100mA 
a a a | 4.08: 
~ Nominal Lire (120VAC) 
~  -*12@- ~~ +5V @ 1.0A 
100mA La : 
. AOA 
+12@  +5V@1.0A 
,3800mA * . 
: 4.00 
High Line (130VAC) 
: +5V @ 1.08. 


: 4.0A 
+5V @ 1.0A 


“a 


“+12 @- 
100mMA 


+12V@ 
300mA 
4.0A 


Overall Line and 
Load Regulation 


PARTS LIST 


CAPACITORS C10,C11 = 4700uF, 10V 


250uF, 250V | C12,C13 2200,F, 16. 

100uF, 25V C14 100pF, 25V 
0.22uF, 25V 

"RECTIFIERS A7uF, 25V 


OtyF, 25V 


D1 VM68 vare 


D2, D3..-*, 1N3612 ~~ 0047uF, 25V 


1N3613 


USD945 


UES1002 


470pF, 25V 
680pF, 600V 
3300pF, 600V 
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APPENDIX 
_. POWER TRANSFORMER—T1 ~ 
: Ferroxcube 
Core: Ferroxcube EC-35/3C8 
Gap: 10 mil in each outer leg EC-35/3C8 
NOTE: For reduced EMI put gap in center leg only. = i 
Use 20 mil. 


Np = 45 


Ni2 = 9 
Ne = 10 Ni2=9 


TRANSFORMER CONSTRUCTION 


Neto AWG 30) 

2 in parallel TSS DOOOOOOO 
+5V out, N=4, AWG 26, —> [OOOOOOOO 
6 in parallel OOOOCOOOO 


2 layers 3M mylar tape — OOOOOOSO XN 
Bobbin—35PCB1 Primary N= 45, AWG 26 


a” 2 layers, 3M mylar tape 


*— +12V windings N=9, AWG30 
2 wires in parallel, bifilar wound 


5V OUTPUT INDUCTOR 


N=4, AWG 18 


Ferroxcube 
204 T 250 — 3C8 (toroid) 


Unitrode Integrated Circuits Corporation 
7 Continental Boulevard. ¢ P.O. Box 399 ® Merrimack, New Hampshire ¢e 03054-0339 
Telephone 603-424-2410 © FAX 603-424-3460 é 
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Abstract 


As current-mode conversion increases in popularity, several peculiarities associated with fixed-frequency, peak-current 
detecting schemes have surfaced. These include instability above 50% duty cycle, a tendencv towards subharmonic 
oscillation, non-ideal loop response, and an increased sensitivity to noise. This paper will attempt to show that the 
performance of any current-mode converter can be improved and at the same time all of the above problems reduced or 
eliminated by adding a fixed amount of “slope compensation” to the sensed current waveform. 


1.0 INTRODUCTION 


The recent introduction of integrated control circuits designed specifically 
for current mode control has led to a dramatic upswing in the 
application of this technique to new designs. Although the advantages of 
current-mode control over conventional voltage-mode control has been 
amply demonstrated (1-5), there still exist several drawbacks to a fixed 
frequency peak-sensing current mode converter. They are (1) open loop 
instability above 50% duty cycle, (2) less than ideal loop response 
caused by peak instead of average inductor current sensing, (3) tendency 
towards subharmonic oscillation, and (4) noise sensitivity, particularly 
when inductor ripple current is small. Although the benefits of current 
mode control will, in most cases, far out-weight these drawbacks, a 
simple solution does appear to be available. It has been shown by a 
number of authors that adding slope compensation to the current 
waveform (Figure 1) will stabilize a system above 50% duty cycle. If 


‘egiied 


SLOPE 
COMPENSATION 


LLL» 
imine 


one is to look further, it becomes apparent that this same compensation 
technique can be used to minimize many of the drawbacks stated above. 
In fact, it will be shown that any practical converter will nearly always 
perform better with some slope compensation added to the current 
waveform. . 


. 


The simplicity of adding slope compensation — usually a single resistor — 

adds to its attractiveness. However, this introduces a new problem — that 

of analyzing and predicting converter performance. Small signal AC 

models for both current and voltage-mode PWM’s have been 

extensively developed in the literature. However, the slope compensated 

or “dual control’ converter possesses properties of both with an 

equivalent circuit different from, yet containing elements of each. 

Although this has been addressed in part by several authors (1. 2), there 

still exists a need for a simple circuit model that can provide both | 
qualitative and quantitative results for the power supply designer. 


POWER 
SWITCH 


INDUCTOR 

CURRENT 
<< switcn 

CURRENT 


a 


FIGURE 1 - A CURRENT-MODE CONTROLLED BUCK REGULATOR WITH SLOPE COMPENSATION. 
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The first objective of this paper is to familiarize the'reader with the Al, =-Alb (= + m) (2) 
peculiarities of a peak-current control converter and at the same time ! m +m 
demonstrate the ability of slope compensation to reduce or eliminate Solving for m at 100% duty cycle gives 
many problem areas. This is done in section 2. Second, in section 3, a ; : : 
circuit model for a slope compensated buck converter in continuous m>—’Am ~ (3) 
conduction will be developed using the state-space averaging technique Therefore, to guarantee current loop stability, the slope of the. . 
outlined in(1), This will provide the analytical basis for section 4 where compensation ramp must be greater than one-half of the down slope ae 
the practical implementation of slope compensation is discussed. the current wert For the buck regulator of Figure 1, mz is a 
2.1 OPEN LOOP INSTABILITY constant equal to Vo. Rs: therefore, the amplitude A of the compensating 


. waveform should E chosen such that 
An untvonditional instability of the inner current loop exists for any fixed 


frequency current-mode converter operating above 50% duty cycle — A-> T Rs *o (4) 
regardless of the state of the voltage feedback loop. While some 
topologies (most notably two transistor forward converters) cannot 
operate above 50% duty cycle, many others would suffer serious input 
limitations if greater duty cycle could not be achieved. By injecting a 


to guarantee stability above 50% duty cycle. 


2.2 RINGING INDUCTOR CURRENT — 


small amount of slope compensation into the inner loop, stability will Looking closer at the inductor current waveform reveals two additional 
result for all values of duty cycle. Following is a brief review. of this: phenomenon related to the previous instability. If we generalize equation 
technique. 2.and plot I, vs nT for all n as in Figure 3, we observe a damped 


sinusoidal response at one-half the switching frequency, similar to that of 
an RLC circuit. This ring-out is undesirable in that it (a) produces a 
ringing response of the inductor current to line and load transients, and 
(b) peaks the control Joop gain at % the, a frequency, producing 


Ab) a marked tendency towards instability. 
INDUCTOR : i “ 
CURRENT (h) bh =-Oha (™*™ 
7 m +m 
10) 1T 2t 3T 4T 5T 


aT 


FIGURE 3 - ANALOGY OF THE INDUCTOR CURRENT RESPONSE TO 
THAT OF AN RLC CIRCUIT. 


It has been shown in (1), and is easily verified from equation 2, that by 
choosing the slope compensation m to be equal to —m) (the down slope 
of the inductor current), the best possible transient response is obtained. 
This is analogous to critically damping the RLC circuit, allowing the 
current to correct itself in exactly one cycle. Figute 4 graphicalty 

C) DUTY CYCLE > 0.5 WITH SLOPE COMPENSATION ‘ demonstrates this point. Note that while this may optimize inductor 
FIGURE 2 - DEMONSTRATION OF OPEN LOOP INSTABILITY IN A current ringing, it has little bearing on the transient response of the 

CURRENT-MODE CONVERTER. voltage control loop itself. pe 


Figure 2 depicts the inductor current waveform, I, of a current-mode Ve 
converter being controlled by an error voltage V,. By perturbing the 

current I, by an amount AI, it may be seen graphically that Al will 

decrease with time for D < 0.5 (Figure 2A), and increase with time for 

D > 0.5 (Figure 2B). Mathematically this can be stated as 


Al, = Alo (=) () 
- Ab 
Carrying this a step further, we can introduce a linear.ramp of slope -m — 
as shown in Figure 2C. Note that this slope may either be added to the FIGURE 4 - FOR THE CASE OF m =-m,, A CURRENT PERTURBATION 
current waveform, or subtracted from the error voltage. This then gives WILL DAMP OUT IN EXACTLY ONE CYCLE. 
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2.3 SUBHARMONIC OSCILLATION 


Gain peaking by the inner current loop can be one of the most 
significant problems associated with current-mode controllers. This 
peaking occurs at one-half the switching frequency, and — because of 
excess phase shift in the modulator — can cause the voltage feedback 
‘loop to break into oscillation at one-half the switching frequency. This 
instability, sometimes called subharmonic oscillation, is easily detected 
as duty cycle asymmetry between consecutive drive pulses in the power 
stage. Figure 5 shows the inductor current ofa current-mode controller 
in subharmonic oscillation (dotted waveforms with period 2T). 


Ve 


FIGURE 5 - CURRENT WAVE FORM (DOTTED) OF A CURRENT-MODE 
CONVERTER IN SUBHARMONIC OSCILLATION. 


To determine the bounds of stability, it is first necessary to develop an 
expression for the gain of the inner loop at one-half the switching 
frequency. The technique used in (2) will be paralleled for a buck 
converter with the addition of terms to include slope compensation. 


2.3.1 LOOP GAIN CALCULATION AT ‘f, 


Referring to figures 5 and 6, we want to relate the input stimulus, AV,, 
to an output current, Aly. From figure 5, two equations may be 
written 
AL = AD my T-AD m2 T 
AVe = ADm T+AD m T 


(4) 
(5) 


Adding slope compensation as in figure 6 gives another equation 
Av. = AVce + 2AD mT (4) 


Using (5) to eliminate AVc from (6) and solving forAAl,/AV. yields 


Al = m) — m (72) 
AV. m, +m, +m 


1+ 


FIGURE 6 - ADDITION OF SLOPE COMPENSATION TO THE CONTROL 
SIGNAL ; 


“AV, 
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For steady state condition we can write 


Dm T=(1-D) mT 
or 

Paps. Tea 

~ my — my 


(8) 


_D (9). 


By using (9) to reduce (7), we obtain 


Al I 


AV. ~ T—2D(1 + mim) a 


Now by recognizing that Al is simply a square wave of period 2T,, we 
can relate the first harmonic amplitude toAly by the factor 4/rt and 
write the small signal gain at f = 4fs as 


Ms. eS ee 
Ve 1-—2D(1 + m/m) ' aD 


If we assume a capacitive load of C at the output and an error amplifier 
gain of.A, then finally, the expression for loop gain at f = 4 fg is 


4TA 
mC 


= (12) 
1—2D(1 + mm) 


Loop gain 


2.3.2 USING SLOPE COMPENSATION TO ELIMINATE 
SUBHARMONIC OSCILLATION . 


From equation 12, we can write an expression for maximum error 
amplifier gain at f = %4fg to guarantee Stability as 


_ 1 — 2D (1+ m/m) 


4T 
mC 


Amax 


(13) 


This equation clearly shows that the maximum allowable error amplifier 
gain, Amay, is a function of both duty cycle and slope compensation. A 
normalized plot of Amax versus duty cycle for several values of slope 
compensation is shown in figure 7. Assuming the amplifier gain cannot 
be reduced to zero at f = %4fg, then for the case of m = 0 (no 
compensation) we see the same instability previously discussed at 50% 
duty cycle. As the compensation is increased to m = —¥amp, the point 
of instability moves out to a duty cycle of 1.0, however in any practical 


3 mm = —2 
Ho 
“Ie 
2 2 
= 
z 
= 
Ss 
= 
2 1 mime = ~1 
4 
< 
= 

m/m2 = —% 
0 = 


0 12 3 4 5 6 7 8 9 
DUTY CYCLE (D} 


10 


FIGURE 7 - MAXIMUM ERROR AMPLIFIER GAIN AT % f, (NORMALIZED) 
V.S. DUTY CYCLE FOR VARYING AMOUNTS OF SLOPE 
COMPENSATION. REFER TO EQUATION 13. 
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system, the finite value of Ayax will drive the feedback loop into - 
subharmonic oscillation well before: full duty cycle is reached. If we 
continue to increase m, we reach a point, m = —mp, where the 
maximum gain becomes independent of duty cycle. This is the point of 
critical damping as discussed earlier, and increasing m above this value 
will do little to improve stability for a regulator operating over the full 
duty cycle range. . ; ‘ 


” 


2.4 PEAK CURRENT SENSING VERSUS 
AVERAGE CURRENT SENSING 


True cirrent-mode conversion, by definition, should force the average 
inductor current to follow an error voltage — in effect replacing the 
inductor with a current source and reducing the order of the system by 
one. As shown in Figure 8, however, peak current detecting schemes are 
generally used which allow the average inductor current to vary with 
duty cycle while producing less than perfect iriput to output — or 
feedforward characteristics. If we choose to add slope compensation’ 
equal to m = —% mp as shown in Figure 9, we can convert a peak 
current ‘detecting scheme into an average current detector, again allowing 
for perfect current mode control. As mentioned in the last section, 
however, one must be careful of subharmonic oscillations as a duty 
cycle of 1 is approached when using m = —% m. 


Dy 02 D3 


FIGURE'S — PEAK CURRENT SENSING WITHOUT SLOPE COMPENSATION 


ALLOWS AVERAGE INDUCTOR CURRENT TO VARY WITH 
DUTY CYCLE 


Ve 


< 
4) 
| Ar 


0) D2 D3 


FIGURE 9 —- AVERAGE INDUCTOR CURRENT IS INDEPENDENT OF DUTY 


CYCLE AND INPUT VOLTAGE VARIATION FOR A SLOPE 
COMPENSATION OF m = —% mp. 
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2.5 SMALL RIPPLE CURRENT 


From a systems standpoint, small inductor ripple currents are desirable 
for a number of reasons — reduced output capacitor requirements, 
continuous current operation with light loads, less output ripple, etc. 
However, because of the shallow slope presented to the current sense 
circuit, a small ripple current can, in many cases, lead to pulse width 
jitter caused by both random and synchronous noise (Figure 10). Again, 
if we add slope compensation to the current waveform, a more stable 
switchpoint will be generated. To be of benefit, the amount of slope 
added needs to be significant compared to the total inductor current — 
not just the ripple current. This usually dictates that the slope m be 
considerably greater than m, and while this is desirable for subharmonic 
stability, any slope greater than m = —' mp will cause the converter to 
behave less like an ideal current mode converter and more like a voltage 
mode converter. A proper trade-off between inductor ripple current and 
slope compensation can only be made based on the equivalent circuit 
model derived in the next section. 


loevestan 


FIGURE 10 - A LARGE PEDESTAL TO RIPPLE CURRENT RATIO. 


3.0 SMALL SIGNAL A.C. MODEL 


As we have seen, many drawbacks associated with current-mode control 
can be reduced or eliminated by adding slope compensation in varying 
degrees to the current waveform. In an attempt to determine the full 
effects of this same compensation on the closed loop response, a small 
signal equivalent circuit model for a buck regulator will now be 
developed using the state-space averaging technique developed in (1). 


3.1 A.C. MODEL DERIVATION 


Figure 11a shows an equivalent circuit for a buck regulator power stage. 
From this we can write two state-space averaged differential equations 
corresponding to the inductor current and capacitor voltage as functions 
of duty cycle D 


© Vi — Vi Vo(l -—D 

is (Vi - Op oC ) (4) 
vy, IL Vo 

O= "ATR (15) 
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vi __D 


(B) 


FIGURE 11 - BASIC BUCK CONVERTER (A) AND ITS SMALL SIGNAL 
EQUIVALENT CIRCUIT MODEL (B). 


If we now perturb these equations — that in substitute 

Vv; + AV; Vo + AVYo, D +AD and I+ Al. for their respective 
variables — and ignore second order terms, we obtain the small signal 
averaged equations 


bd DAI AV, V,AD 16 
a ea 
Ae chi Die a7 


C CR 


A third equation — the control equation — relating error voltage, V., to 
duty cycle may be written from Figure 6 as 


(1 —D) Vo T Rs 
2L 


(18) 
IRs = V.-— mDT — 


Perturbing this equation as before gives 


= AV, m_ Vo lis ~ 
eae ADT (Rat) HE DAM C19) 


By using 19 to eliminate AD from 16 and 17 we arrive at the state 
space equations ; 


(20) 
°* pD AV, Vi AVo Vi (1 — D) ALLY; 
—_— + eS TO 
Akay avth Tm Mo) 2U(m Yo) Cm _ Yo 
Rs 2L Rs 2L Rs 2L. 
AlL AV, 
ae se (21) 


An equivalent circuit model for these equations is shown in Figure 11B 
and discussed in the next section. 


3.2 A.C. MODEL DISCUSSION 


The model of Figure 11B can be used to verify and expand upon our 
previous observations. Key to understanding this model is the interaction 
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between Rx and L as the slope compensation, m is changed. In most 
cases, the dependent source between Rx and C can-be ignored. - 


If Rx is much greater than L, as is the case for little or no compensation 

(m = 0), the converter will have a single pole response and act as a true 
Z Rs V; 

current mode converter. If Rx is small compared to L (m » “s“), 


then a double pole response will be formed by the LRC output filter 
similar to any voltage-mode converter. By appropriately adjusting m, 
any condition between these two extremes can be generated. 


Rs Vi 
a Since the down 


Of particular interest is the case when m = 


vi 
slope of the inductor current (m) from Figure 6) is equal.to as o we 


can write m= —'mp. At this point, Rx goes to infinity, resulting in an 
ideal current mode converter. This is the same point, discussed in 

section 2.4, where the average inductor current exactly follows the error - 
voltage. Note that although this compensation is ideal for line rejection 
and loop response, maximum error amp gain limitations as higher duty 
cycles are approached (section 2.3) may necessitate using more 
compensation. 


Having derived an equivalent circuit model, we may now proceed in its 
application to more specific design examples. Figure 12 plots open loop 
ripple rejection (AVo/AV)) at 120Hz versus slope compensation for a 
typical 12 volt buck regulator operating under the following conditions: 


Vo = 12V 

Vi = 25V. 

L = 200uH 
c = 300pf 
T = 20uS 
Rs =  .50 

RL =~ 10,124 


Again, as the slope compensation approaches —mp, the theoretical 
ripple rejection is-seen to become infinite. As larger values of m are 

introduced, ripple rejection slowly degrades to that of a voltage-mode 
converter (—6.4dB for this example). 


-70 


R= 1N (12 AMPS D.C.) 


RL = 120 (1 AMP D.C) 


RIPPLE REJECTION AT 120 Hz (DB) 
| 
> 
3 


0 -05 -1 -15 -2 -25 -3 
SLOPE COMPENSATION (m/mg) 


FIGURE 12 - RIPPLE REJECTION AT 120Hz V.S. SLOPE COMPENSATION 
FOR 1AMP AND 12AMP LOADS. 
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If a small ripple to D.C. current ratio is used, as is the case for Ry = 
lohm in the example, proportionally larger values of slope compensation 
may be injected while still maintaining a high ripple rejection ratio. In 
other words, to obtain a given ripple rejection ratio, the allowable slope 
compensation varies proportionally to, the average D.C. current, not the 
‘ripple current. This isan important ‘concept when attempting to 
minimize noise jitter on a low ripple converter. 


Figure 13 shows the small signal loop response (AVo/AV,) versus 
frequency for the same example of Figure 12. The gains have all been 
normalized to zero dB at low frequency to reflect the actual difference in 
frequency response as slope compensation m is varied. Atm=-—% m, (a) SUMMING OF SLOPE COMPENSATION DIRECTLY WITH SENSED CURRENT 
an ideal single-pole roll-off at 6dB/octave is obtained. As higher ratios SIGNAL 

are used, the response approaches that of a double-pole with a 
12dB/octave roll-off and associated 180° phase shift. 


4 10 

a 

B 0 mm =-100 

7 VREF 
Pycl0 m/m2 =~-10 
> )> 
aja VSENSE 


mim =-1 


NORMALIZED LOOP GAlI 


1 10 100 1K 10K 


FREQUENCY (HERTZ) 
FIGURE 13 — NORMALIZED LOOP GAIN V.S. FREQUENCY FOR VARIOUS 
SLOPE COMPENSATION RATIO’S. 
(cf EMIFTER FOLLOWER USED TO LOWER OUTPUT IMPEDANCE OF 
OSCILLATOR. 
FIGURE 14 ~ ALTERNATIVE METHODS OF IMPLEMENTING SLOPE COMPEN- 
SATION WITH THE UC1846 CURRENT-MODE CONTROLLER. 
REFERENCES 
“4 _ (1) Shi-Ping Hsu, A. Brown, L. Rensink, R. Middlebrook, “Modelling 
‘4.0 SLOPE COMPENSATING THE UC1846 CONTROL LC. and Analysis of Switching DC-to-DC Converters in Constant- 
Frequency Current-Programmed Mode,” PESC ’79 Record (IEEE 

Implementing a practical, cost effective current-mode converter has Publication 79CH1461-3 AES), pp. 284-301. “ 
recently been simplified with the introduction of the UC1846 integrated 
control chip. This LC.. contains all of the control and support circuitry (2) E. Pivit, J. Saxarra, “On Dual Control Pulse Width Modulators for 
required for the design of a fixed frequency current-mode converter. Stable Operation of Switched Mode Power Supplies”, Wiss. Ber. ; 
Figures 14A and B demonstrate two alternative methods of implementing AEG-Teiefunken 52 (£979) 5, pp. 243-249. 
slope compensation using the UC1846. Direct summing of the 
compensation and current sense signal at Pin 4 is easily accomplished, (3) R. Redl, L. Novak, “Instabilities in Current-Mode Controlled __ 
however, this introduces an error in the current limit sense cifcuitry. The Switching Voltage Regulators,” PESC ‘81 Record (IEEE Publication 
alternative method is to introduce the compensation irito the negative 81CH1652-7 AES), pp. 17-28. 
input terminal of the error amplifier. This will only work if (a) the gain 
of the error amplifier is fixed and constant at the switching frequency ~ (4) W. Burns, A. Ohri, “Improving Off Line Converter Performance 
(Ry/Ry for this case) and (b) both error amplifier and current amplifier with Current-Mode Control,” Powercon 10 Proceedings, Paper B-2, 
gains are taken into consideration when-calculating the required slope - . 1983. - 
compensation. In.either case, once. the value of Ro has been calculated, . ; a : : 
the loading effect on Cy can be determined-and, if necessary, a buffer .(5) B. Holland, “A New Integrated Circuit for Current-Mode Control,” 


stage added as in Figure 14C. Powercon 10 Proceedings, Paper C-2, 1983. 
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UC3717 and L-C Filter Reduce EMI and 
Chopping Losses in Step Motor 


chopper drive which uses the inductance of the motor 
as the controlling element causes a temperature 
rise in the motor due to hysteresis and eddy current 
losses. For most motors, especially solid rotor construc- 
tions, this extra heat can force the designer to go to a larger motor 
and then derate it, or to a more expensive laminated construction 
in order to produce enough output torque for the job. Regardless 
of the motor type, any extra’heat generated within a system will 
have to be removed or else other system components will be 
stressed unnecessarily. This could mean using a fan where con- 
vection cooling might otherwise have sufficed. In addition, the 
EMI generated from both the motor and its leads is of serious con- 
cern to the designer in view of ever-increasing EMI regulations. 
These problems can be virtually eliminated by borrowing a sim- 
ple technique from switching power supply designs, i.e., by plac- 
ing-a properly designed low-pass L-C filter across the output and 
using this L to control the UC3717. This removes the high fre- 
quency AC chopping losses in the motor by providing it with 
almost pure DC current. It also confines the EMi-causing, high fre- 
quency AC components to within the driver where they are easier 
to handle. This could allow increased wire lengths and possibly 
free up some design constraints, but remember that even though 
DC emits no EMI, the driver will still commutate the windings and 
can produce some components of frequency as high as 10 KHZ. 
The design of the L-C filter is straight-forward and its smal! addi- 
tional cost can be recovered easily. The Unitrode UC3717, acom- 
plete chopper drive for one phase winding on a monolithic IC, 
makes the design job simple. The end result, a cooler running and 
EMI quieter step motor, can be achieved with just a few additional 
passive components. 


Preliminary Considerations 


. For our analysis, we will use a“23” frame, bipolar motor with 
a solid rotor and the following specifications: 


Prax = 9.0 Watts = Maximum power dissipation at 25°C 
Vmax = 3.75 Volts = Maximum voltage per motor phase at 
25°C 
pee 1.25 Amps =,Maximum current per motor phase at 
25°C + 
R, = 3.0Ohms = Resistance of one phase at 25°C 
**Ln = 8.4mH = Inductance of one phase winding 


“It should be noted that L,,, as given in a manufacturer's data 
sheet, is not always true average inductance as seen at high cur- 
rent in a circuit, but rather the inductance reading you would 
obtain from a low current inductance bridge. This value can differ 
from in-circuit inductance by a factor of 2 or more! The in-circuit 
inductance for this motor is 5.0 mH. 

We begin by calculating the electrical time constant of one 


phase winding using the resistance value given above and the 
actua/ motor inductance: 


tm =tm 5.0 MH 
R, 3.0 Ohms 


If one were using a standard voltage drive then it would take 
approximately t,, or 1.67 msec to reach the current level required 
for proper operation. This places a severe restriction on motor 
speed. Increasing the drive voltage will allow the motor to run fas- 
ter but will cause it to draw too much current and overheat. Max- 
imum motor speed may be increased by decreasing the time 
constant. Since L.,, is fixed, the only parameter we can change is 
the effective value of R,, by placing a'resistor in series with it. If we 
place a fesistor 4 times R,, in series such that total R is 5 times Ra 
and increase the drive voltage by a factor of 5 then we will have 
reduced the time constant by a factor of 5 to 330 usec and also 
increased both the maximum motor speed and maximum power 
output by a factor of 5 each. Unfortunately, we will have increased 
wasted power by a factor of 5 also. 


= 1.67 msec (1) 


The Chopper Drive 


Using a chopper drive enables one to run at a higher voltage 
and thus reach proper operating current faster while still protect- 
ing the motor from excessive current that would otherwise flow 
due to the higher voltage. The high voltage is first applied across 
the motor winding and then, when |,,, is reached, it is switched off. 
(If it were not switched off then the maximum current rating of the 
motor would be quickly exceeded.) The current is then allowed to 
circulate in a loop within the driver and motor for a fixed time per- 
iod (t.») after which the voltage is re-applied to the motor. The 
operating frequency, which is determined by both the motor 
inductance and ty, should be high enough that the resulting cur- 
rent ripple is small compared to the average DC current. Power 
efficiency is relatively high because there is no external resistor 
used. 

Nothing is free in the world of physics, however, and the price 
one pays for the extra power output capability is an increase in 
wasted heat due to hysteresis and eddy current losses within the 
motor instead of in an external resistor, Being within the motor, it 
can now Cause overheating as well as reliability problems. Since 
the excess heat increases rapidly with the overdrive ratio, this 
means that at low overdrive ratios (less than 5-to-1) there will be 
aimost negligible heating, but at higher overdrive ratios (more 
than 10-to-1) the induced motor losses can beome as great as, or 
actually exceed, the I’R losses! By placing a low-pass L-C filter in 
the circuit these induced losses can once again become negligi- 
ble. The L and C components selected should be capable of 
operating at frequencies of 25 kHz or higher without heating 
effects in the inductor core or inductive effects in the capacitor. 


9-58 


APPLICATION NOTE 


UC3717 and L-C Filter 


Designing with the UC3717 


Using a supply voltage (v.) of 40 volts (approximately a 10/1 
overdrive), the turn-on rise-time becomes: 
= -t,X Ln (1 -V,/V,) = -1.67 x 10° x Ln (1 - 3.75 / 40) 
= 164 usec (2) 
or an improvement of approximately 10-to-1 in speed capability. 

Using an off-time (t.) of 30 usec as suggested on the UC3717 
data sheet and limiting current (,,) to 850 mA establishes a voltage 
across the resistive component of the winding (V,.on).-during the 
“on” time of: 

Veon = ly x Ry = 85x 3.0 = 2.55 Volts (3) 
and during the “ off’ time (due to a 2.6 volt drop across the upper 
transistor, as shown in the data sheet, and a 0.4 volt drop across 
the Schottky “catgh” diode) of: : 

Vwot = Vvansstor + Vaere = 2.6 + 0.4 = 3.0 Volts (4) 
Since the voltage and current changes are small, we can substi- 
tute a resistance (R,) equivalent toV,..#/l,in series withR, to adjust 
the time constant and allow us to calculate the approximate cur- 
rent ripple (Al,) during tox: 


ly f - exp [-s6,-*)]| 


tise 


Aly 


hi 


5x10° 


i 


- 30x10° x (3.0 + 3.5) =e 
.85 x |1 - exp 


i] 


33 mA p-p (5) 


Knowing Al,, we can now calculate the on-time (ton)! 
3 3 
a Al, Xba _ 33x10" x 5x10" _ 4.4 usec 
Vy - Von 40 - 2.55 
and can also find our operating frequency (f) by: 


f= 11 (ter + toy) = 1/ (4.4 + 30)x 10° = 29.1 kHz 


(6) 


7) 


VERT = 10 mA/ 
DIV 
HORIZ = 5 psec / 
ov 


Figure 1. A-C component of motor current for standard 
chopper configuration. 


Since this frequency is well above audible ranges, it will not cause 
any objectionable sound, but there are still the problems of EMI 
and excess motor heating to deal with. It is possible to generate 
EMI due to the current switching that occurs in the motor leads 
because they carry not only the primary frequency, but also many 
higher harmonics as well, so they require careful.routing, shield- 
ing, or both. We can put in a low pass LC filter to remove these 
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high frequencies and still pass normal commutation currents 
without any significant loss of motor performance. 


Design of the L-C Filter 


Figure 2 is a block diagram of a motor connected to 2UC3717s 
with the low-pass L-C filters in place. 

Again we will use a current of 850'mA in each winding, an off- 
time of 30 psec, and an on-time of 4.4 wsec but now we will use an 


FROM » PROCESSOR 


Figure 2. Low-pass L-C filters on outputs. 


external inductance (L) to control the chopping. Veo, is the sum of 
the source (V,,) and sink (V,) voltage drops at 850 mA: 


Veep = Veo + Va + Vien = (2.6 + 1.9 + 0.36) 


= 4.9 volts (8) 


In order to minimize the effects of L on the motor current risetime 

we will make it 10 times smaller than L,, or 500 H. In order to keep 

the peak current in the UC3717 below 1 amp we will use a 0.42 

ohm sense resistor and also limit ,|, to 300 mA. Using a variation of 

equation (6) we can check that: 

_ (Vs-Verop)X too _ (40 -4.9) x 44x10" _ 616 uH 

al 300x10° 

is in keeping with the constraints outlined above. 
Similarly, we would like to find a value for the capacitor (C) such 

that it will have less.than 1/10 the impedance of L at 29.1 kHz: 


a 10 10 (10) 
(2xnxffxL (2x314x 29100)? x 500x10° 
= 0.6 uF 


L (9) 


Cc 


The test motor and driver, operated unloaded (nothing con- 
nected to the output shaft) and in the configuration of Figure 2, 
used values of 500 pH for the inductor and 0.47 pF for the capaci- 
tor. Figure 1 and Figures 3 through 6 are waveforms obtained 
from that motor. : . . 

The lower trace of Figure 3 (Figure 3b) shows the 330 mA cur- 
rent sawtooth in the inductor, while the upper trace (Figure 3a) 
shows an 8 mA p-p current ripple in the motor winding. While this 
may seem to indicate only a 12 dB reduction in EMI over Figure 1, 
comparing the sinusoidal wavetorm of Figure 3a to the “noisy” 
sawtooth waveform of Figure 1 will quickly point out sources of 
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eee 
EMI. In Figure 1, the oscillations immediately following each 


switch of the driver are due.to the motor's distributed capacitance 
resonating with its inductance and are a possible source of EMI. in 
addition, sharp current spikes are allowed to pass along the motor 
leads and through the motor’s distributed capacitance unhin- 
dered, thus creating high frequency EMI. EMI spikes were vir- 
tually eliminated from Figure 3a by using alow ESR capacitor and 
connecting the motor leads close to the body of the capacitor, 
Figure 4 shows motor current superimposed over the inductor 
current. Just to the left of the center graticle line a ringing occurs in 
the inductor current that also appears in the motor current, 
although attenuated. This ringing occurs at a frequency of: 


a) VERT = 2 
mA/ON AC 
component of 
Motor Cur- 
rent with LC 
filter. 


b) VERT = 100 
mA / DIV AC 
component of 
inductor cur- 
rent with L-C 
filter. 


HORIZ = 5 uS/ 
DWV 


Figure 3. Motor and inductor current waveforms. 


1/2nVUxC = 1/6.28 x V500x10" x 0. 47x10" 
10.4 kHz (11) 


which is the resonant frequency of the LC filter. This frequency 
can be lowered by increasing the value of either L or C, although 
at a cost of reducing the high speed performance of the motor. 

The high frequency sawtooth waveforms at the upper, flat por- 
tion of the motor current waveform are the 29.1 kHz chopping cur- 
rents in the inductor. They cause a small corresponding ripple in 
the motor current but, because the chopping frequency is more 
than twice the break frequency of the 2-pole L-C filter, we would 
expect, and can see, an attenuation greater than 12 dB. 

In a.2 phase step motor (sometimes referred to as a 4 phase 
step motor because of the 4 windings used in the unipolar version) 
the STEP RATE, in full steps per second (FSPS), is 4 times the pri- 
mary frequency of the motor current waveform. The two phases of 


200yS 


VERT = 500 mA/ 
DN 

HORIZ = 200mS/ 
OW 


Figure 4, Filter current waveform superimposed over motor 
current waveform. : 
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the step motor are operated in quadrature and thus will generate 
4 distinct states in the 2 phases which correspond to 4 mechanical 
steps for each electrical cycle. ; 


FSPS = 4 x frequency (for.a 2 or “4" phase step motor) (12) 


Itis important to note at this time that 10.4 kHz is the highest fre- 
quency that can be passed to this motor without attenuation using 
the selected components, but that this corresponds to a step rate 
of 41,600 FSPS! The test motor was able to run at 17,000 'full steps 
per second with the LC filter in place, which is high enough for 
most situations. 

Figures 5 and 6 are current waveforms for the motor running at 
1600 FSPS and 16,000 FSPS respectively. The motor was opera- 
ted with the LC filter on only the. lower trace winding so that the 
waveforms could be compared easily. Looking at Figure 5, one 
can see that the leading edges of both waveforms have the same 


VERT = 500mA / 
OV 

Motor — current 
without L-C filter. 
VERT = 500mA / 
DV 


_ Motor current with 
LC filter. 


HORIZ = 500yS / 
DIV 


risetimes, although the filtered one has more suscepibility toward 
ringing. From Figure 6, one can see that torque is down only 3 dB 
at 16,000 FSPS and that there are “glitches” in the unfiltered 
waveform that do not appear in the filtered waveforms. 


VERT = S00mA / 
Ov 

Motor = current 
without LC filter, 


VERT = SOO mA/ 
DIV : 
Motor current with 
LC filter. 


HORIZ = 100mS/ 
OV 


1024 : 
Figure 6. Motor currents at 16,000 FSPS. 


r 


“6 


- Conclusions 


The use of a low-pass filter can be an effective heat and EMI 
reduction mechanism when used with a step motor chopper 
driver such as the UC3717. The price one pays for a “clean”: EMI 
environment is a smai/loss in very high speed performance. The 


’ technique may be applied equally well to non-IC chopper drivers 


but the peak-currents must be accounted for and the minimum 
value of L adjusted accordingly. 500 yH is the smallest practical L 
that should be used with the UC3717 since we do not want the 
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UC3717 and L-C Filter 


peak of the ripple to exceed 1.0 amps. This limits the usefulness of 
the technique to motors with inductances of 2 mH or more. At 
average currents less than 300 mA, the value of L_may have to be 
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larger in order to maintain continuous current in the inductor, but 
the physical size may be decreased. if an average current in, 
excess of 850 mA is required, then a power amplifier may be. 
added as shown in Figure 7. This will extend the peak current: 
capabilities of the chopper drive to higher current and will also 
allow the value of L to be decreased. 


+ Figure 7. UC3717 chopper drive with PIC900B Power Amplifier on ‘one phase of step motor. 


Unitrode Integrated Circuits Corporation: 
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UC3842/3/4/5 PROVIDES LOW-COST 
CURRENT-MODE CONTROL 


INTRODUCTION 


The fundamental challenge of power supply design is to 
simultaneously realize two conflicting objectives: good 
electrical performance and low cost. The UC3842/3/4/5 
is an integrated pulse width modulator (PWM) designed 
with both these objectives in mind. This IC provides de- 
signers an inexpensive controller with which they can ob- 
tain all the performance advantages of current mode op- 
eration. In addition, the UC3842 series is optimized for ef- 
ficient power sequencing of off-line converters, DC to DC 
regulators and for driving power MOSFETs or transistors. 


This application note provides a functional description of 
the UC3842 family and highlights the features of each in- 
dividual member, the UC3842, UC3843, UC3844 and 


UC3845. Throughout the text, the UC3842 part number 


will be referenced, however the generalized circuits and 
performance characteristics apply to each member of the 
UC3842 series unless otherwise noted. A review of cur- 
rent mode control and its benefits is included and meth- 
ods of avoiding common pitfalls are mentioned. The final 
section presents designs of power supplies utilizing 
UC3842 control. 


REFERENCE 


ERROR 
AMPLIFIER 


PWM 
COMPARATOR 


CURRENT-MODE CONTROL 


Figure 1 shows the two-loop current-mode control system 
in a typical buck regulator application. A clock signal initi- 
ates power pulses at a fixed frequency. The termination of 
each pulse occurs when an analog of the inductor current 
reaches a threshold established by the error signal. In this 
way the error signal actually controls peak inductor cur- 
rent. This contrasts with conventional schemes in which 
the error signal directly controls pulse width without regard 
to inductor current. 


Several performance advantages result from the use of 
current-mode control. First, an input voltage feed-forward 
characteristic is achieved; i.e., the control circuit instanta- 
neously corrects for input voltage variations without using 
up any of the error amplifier’s dynamic range. Therefore, 
line regulation is excellent and the error amplifier can be 
dedicated to correcting for load variations exclusively. 


For converters in which inductor current is continuous, 
controlling peak current is nearly equivalent to controlling 
average current. Therefore, when such converters employ 
current-mode control, the inductor can be treated as an 


CLOCK 
VeRROA 


VSENSE 


LATCH 
OUTPUT 


Figure 1. Two-Loop Current-Mode Control System 
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error-voltage-controlled-current-source for the purposes of 
small-signal analysis. This is illustrated by Figure 2. The 
two-pole control-to-output frequency response of these 
converters is reduced to a single-pole (filter capacitor in 
parallel with load) response. One result is that the error 
amplifier compensation can be designed to yield a stable 
closed-loop converter response with greater gainband- 
width than would be possible with ‘pulse-width control, giv- 
ing the supply improved small-signal dynamic response to 
changing loads. A second result is that the error amplifier 
compensation circuit becomes simpler, as illustated in Fig- 
ure 3. Capacitor C; and resistor Riz in Figure 3a add a low 
frequency zero which cancels one of the two control-to- 
output poles of non-current-mode converters. For large- 
signal load changes, in which converter response is limit- 
ed by inductor slew rate, the error amplifier will saturate 
while the inductor is catching up with the load. During this 
time, C; will charge to an abnormal level. When the induc- 
tor current reaches its required level, the voltage on Cj 


Vacr — 
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Causes a corresponding error in supply output voltage. 
The recovery time is RizC;, which may be quite long. How- 
ever; the compensation network of Figure 3b can be used 
where current-mode control has eliminated the inductor 
pole. Large-signal dynamic response is then greatly im- 
proved due to the absence of C;. 


Current limiting is greatly simplified with current-mode. con- 
trol. Pulse-by-pulse limiting is, of course, inherent in the 
control scheme. Furthermore, an upper limit on the peak 
current can be established by simply clamping the error 
voltage. Accurate current limiting allows optimization of 
magnetic and power semiconductor elements while ensur- 
ing reliable supply operation. 


Finally, current-mode controlled power stages can be op- 
erated in parallel with equal current sharing. This opens 
the possibility of a modular approach to power supply de- 
sign. . ; 


View 


VOLTAGE 
CONTROLLED 
CURRRENT . 


0019-2 


A) Direct Duty Cycle Control 


0019-4 
B) Current Mode Control 


Figure 3. Required Error Amplifier Compensation for Continuous Inductor Current Designs 
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THE UC3842/3/4/5 SERIES OF CURRENT-MODE PWM IC’S 


DESCRIPTION 


The UC1842/3/4/5 family of control ICs provides the nec- 
essary features to implement off-line or DC to DC fixed 
frequency current mode contro! schemes with a minimal 
external parts count. Internally implemented circuits in- 
clude under-voltage lockout featuring start up current less 
than 1 mA, a precision reference trimmed for accuracy at 
the error amp input, logic to insure tatched operation, a 
PWM comparator which also provides current limit control, 
and a totem pole output stage designed to source or sink 
high peak Current. The output stage, suitable for driving ei- 
ther N Channel MOSFETs or bipolar.transistor switches; is 
tow in the off state. 


Differences between members of this family are the un- 
der-voltage tockout thresholds and maximum duty cycle 
ranges. The UC1842 and UC1844 have UVLO thresholds 
of 16V (on) and 10V (off), ideally suited to off-line applica- 
tions. The corresponding thresholds for the UC1843 and 
UC1845 are 8.5V and 7.9V. The UC1842 and UC1843 can 
operate to duty cycles approaching 100%..A range of 
zero to <50% is obtained by the UC1844 and UC1845 by 
the addition of an.internal toggle flip flip which blanks the 
output off every other clock cycle. 


IC SELECTION GUIDE 
MAXIMUM DUTY CYCLE 


UC3845 UC3843 
_ucse42 


Rr/Cr [4 fe | 


Vea [2/4 | 
comp | 1/3 | 
sense L3/5 | 


_ UVLO ; 


FEATURES 

® Optimized for Off-Line and DC to Dc Converters 
© Low Start Up Current (<1 mA) 

© Automatic Feed Forward Compensation 

® Pulse-By-Pulse Current Limiting 

® Enhanced: Load Response Characteristics 
® Under-Voltage Lockout with Hysteresis 

® Double Pulse Suppression 

* High Current Totem Pole Output | 

® Internally Trimmed Bandgap Reference 

®@ 500 kHz Operation 

© Low Ro Error Amp 


RECOMMENDED USAGE 


| Nemcun” | aaromne | ar eae 


POWER 


COMPARATOR GROUND 


Note: 1. A= DIL-8 Pin Number. B = SO-16 Pin Number. 


2. Toggle flip flop used only in 1844A and 1845A. 


Figure 4 
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UNDER-VOLTAGE LOCKOUT 


The UVLO circuit insures that Voc is adequate to make 
the 'UC3842/3/4/5 fully operational before enabling the 
output stage. Figure 5 shows that the UVLO turn-on and 
turn-off thresholds are fixed internally at 16V and 10V re- 
spectively. The 6V hysteresis prevents Voc oscillations 
during power sequencing. Figure 6 shows supply current 
requirements. Start-up current is less than 1 mA for effi- 
cient bootstrapping from the rectified input of an off-line 
converter, as illustrated by Figure 6. During normal circuit 
operation, Vcc is. developed from auxiliary winding Waux 
with D; and Cjy. At start-up, however, Cjy must be 
charged to 16V through Riy. With a start-up’ current of 1 
mA, Rin can be as large as 100 k and still charge Cinq 
when Vac = 90V RMS (low line). Power dissipation in 
Rin would then be less than 350 mW even under high line 
(Vac = 130V RMS) conditions. * 


During UVLO; the output driver is in a low state. While it 
doesn’t exhibit the same saturation characteristics as nor- 
mal operation, it can easily sink 1 milliamp, enough to in- 
sure the MOSFET is held off. 


v 
ce ON/OFF COMMAND 


TO REST OF IC 


UC1842 | UC1843 
UC1844 | UC1845 


eewneerernfrre] 


0019-6 
Figure 5. 


90-130 VAC 


START-UP 
CURRENT 


Rin 


(iy = 1 mA 
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<17mA 


<1mA 


VorF Yon 


—*Vog . 


0019-7, 
Figure 6. During Under-Voltage Lockout, the. output 
driver is biased to sink minor amounts of . .. 
current. 


OSCILLATOR 


The UC3842 oscillator is programmed as shown in Figure 
8. Timing capacitor Cy is charged from Vr_er (5V) through 
the timing resistor Ry, and discharged by an internal cur- 
rent source. 


The first step in selecting the oscillator components is to 
determine the required circuit deadtime. Once obtained, 
Figure 9 is used to pinpoint the nearest standard value of 
Cr for a given deadtime. ‘Next, the appropriate Ry value is 
interpolated using the parameters for Cy and oscillator 
frequency. Figure 10 illustrates the Rt/Cy7 combinations 
versus oscillator frequency. The timing resistor can be cal- 
culated from the following formula. 


Fosc (kHz) = 1.72 / (Rr (k) X Cr (uf) 


» The UC3844 and UC3845 have an internal divide-by-two 
flip-flop driven by the oscillator for a 50% maximum duty 
cycle. Therefore, thelf oscillators .must be set to run at 
twice the desired power .supply switching frequency. The 
UC3842 and UC3843 oscillator runs AT the switching fre- 
quency. Each oscillator of the UC3842/3/4/5 family can 
be used to a maximum of 500 kHz. : 


BOOTSTRAPPED 
SUPPLY CURRENT 


uc 
3842/3/4/5 


OUT 
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Figure 7. Providing Power to the UC3842/3/4/5 
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MAXIMUM DUTY CYCLE 


The UC3842 and UC3843 have a maximum duty cycle of 
approximately 100%, whereas the UC3844 and UC3845 
are clamped to 50% maximum by an internal toggle flip 
flop. This duty cycle clamp is advantageous in most fly- 
back and forward converters. For optimum IC perform- 
ance the deadtime should not exceed 15% of the oscilla- 
tor clock period. 


During the discharge, or “dead” time, the internal clock 
signal blanks the output to the low state. This limits the 
maximum duty cycle Dax to: 

= 1 — (tpEap / tpeRtop) UC3842/3 
1 — (tpgap / 2 X tperiop) UC3844/5 


where TpeRiop = 1 / F oscillator 


Dmax 


Dmax 


Veer 18] 
' 
t Rr 
(] 
Ry/cy £4] 
' 
' cr 
i] 
GROUND 
‘ 
-—o ew ew we — 
x 0019-9 
Figure 8 
Deadtime vs Cy (Ry > 5k) - 
3 
= 
3 
1 22 47 #40 22 47 100 
Cy~ (nF) 
0019-10 
Figure 9 
Timing Resistance vs Frequency 
100 
~ 2» 
g 
ie 
= 10 
3 
100 tK 10K 100K 1M 
FREQUENCY = (Hz) 
0019-11 
Figure 10 
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CURRENT SENSING AND LIMITING 


The UC3842 current sense input is configured as-shown 
in Figure 12. Current-to-voltage conversion is done. exter- 
nally with ground-referenced resistor Rg. Under normal 
operation the peak voltage across Rg is controlled by the 
E/A according to the following relation: 


Vo — 1.4V 
ip = —— 
3Rs 
where Vc = control voltage = E/A output voltage. 


Ag can be connected to the power circuit directly or 
through a current transformer,.as Figure 11 illustrates. 
While a direct connection is simpler, a transformer can re- 
duce power dissipation in Rg, reduce errors caused by the 
base current, and provide level shifting to eliminate the re- 
straint of ground-referenced sensing. The relation be- 
tween Vc and peak current in the power stage is given by: 


“Reton) N ( 

i =N =———1Vo — 1.4V 

(pk) ( Rs 3Rs c ) 
where: N = current sense transformer turns ratio 


1+ when transformer not used. 


For purposes of small-signal analysis, the control-to- 
sensed-current gain is: ; 


ip _N_ 
Vo 3Rs 


When sensing current in series with the power transistor, 
as shown in Figure 11, the current waveform will often 
have a large spike at its leading edge. This is due to recti- 
fier recovery and/or inter-winding capacitance in the pow- 
er transformer. If unattenuated, this transient can prema- 
turely terminate the output pulse. As shown, a simple RC 
filter is usually adequate to suppress this spike. The RC 
time constant should be approximately equal to the cur- 


-fent spike duration (usually a few hundred nanoseconds). 


The inverting input to the UC3842 current-sense compara- 
tor is internally clamped to 1V (Figure 12). Current limiting 
occurs if the voltage at pin 3 reaches this threshold value, 
i.e., the current limit is defined by: 


h 
| 


1 
le 


0019-13 
Figure 11. Transformer-Coupled Current Sensing 
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Figure 12. Current Sensing 


ERROR AMPLIFIER 


The error amplifier (E/A) configuration is shown in Figure 
13. The non-inverting input is not brought out to a pin, but 
is internally biased to 2.5V + 2%. The E/A output is 
available at pin 1 for external compensation, allowing the 
user to control the converter’s closed-loop frequency re- 


sponse. Ve 


Figure 14 shows an E/A compensation circuit suitable for 
stabilizing any current-mode controlled topology except for 
flyback and boost converters operating with inductor cur- 
rent. The feedback components add a pole to the loop 
transfer function at fp = Vem Re,Cr. Rp and Cr are cho-.. 


2.50V 


sen so that this pole cancels the zero of the output filter - coe te 

capacitor ESR in the power circuit. Rj and Rr fix the low- Figure 14. Compensation 

frequency gain. They are chosen to provide as much gain The E/A output will source 0.5 mA amd sink 2 mA. A low- 

as possible while still allowing the pole formed by the out- er limit for Rg is given by: 

put filter capacitor and load to roll off the loop gain to uni- 

ty (0 dB) at f ~ fowitcninG/4. This technique insures R m YEA QUT (MAX) — 2.5V _ 6V — 2.5V _ 7kA 

converter stability while providing good dynamic response. F(MIN) 0.5mA 0.5mA : 
0019-14 


Figure 13. E/A Configuration 
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E/A input bias curret (2 4A max) flows through Rj, result- 
ing in a DC error in output voltage (Vo) given by: 


AVo(max) = (2 »A) Ri, 


It is therefore desirable to keep the value of Rj, as low as 
possible. 


Figure 15 shows the open-loop frequency response of the 
UC3842 E/A. The gain represents an upper limit on the 
gain of the compensated E/A. Phase lag increases rapidly 
as frequency exceeds 1 MHz due to second-order poles 
at ~ 10 MHz and above. 


Continuous-inductor-current boost and flyback converters 
each have a right-half-plane zero in their transfer function. 
An additional compensation pole is needed to roll off loop 
gain at a frequency less than that of the RHP zero. Rp 
and Cp in the circuit of Figure 16 provide this pole. 


TOTEM-POLE OUTPUT 


The UC3842 PWM has a single totem-pole output which 
can be operated to +1 amp peak for driving MOSFET 
gates, and a +200 mA average current for bipolar power 


. VOLTAGE GAIN — (dB) 
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transistors. Cross conduction between the output transis- 
tors is minimal, the average added power with Viy = 30V 
is only 80 mW at 200 kHz. 


Limiting the peak current through the IC is accomplished 
by placing a resistor between the totem-pole output and 
the gate of the MOSFET. The value is determined by di- 
viding the totem-pole collector voltage Vc by the peak 
current rating of the IC’s totem-pole. Without this resistor, 
the peak current is limited only by the dV/dT rate of the 
totem-pole switching and the FET gate capacitance. 


The use of a Schottky diode from the PWM output to 
ground will prevent the output voltage from going exces- 
sively below ground, causing instabilities within the IC. To 
be effective, the diode selected should have a forward 
drop of less than 0.3V at 200 mA. Most 1- to 3-amp 
Schottky diodes exhibit these traits above room tempera- 
ture. Placing the diode as physically close to the PWM as 
possible will enhance circuit performance. Implementation 
of the complete drive scheme is shown in the following di- 
agrams. Transformer driven circuits also require the use of 
the Schottky diodes to prevent a similar set of circum- 


Figure 15. Error Amplifier Open-Loop Frequency Response 


Vo 


vz 
5 
m 
| 
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0019-16 
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Figure 16. E/A Compensation Circuit for Continuous Boost and Flyback Topologies 
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stances from occurring on the PWM output. The ringing 
below ground is greatly enhanced by the transformer leak- 
age inductance and parasitic capacitance, in addition to 
the magnetizing inductance and FET gate ‘capacitance. 
Circuit implementation is similar to the previous example. 


Figures 18, 19 and 20 show suggested circuits for driving 
MOSFETs and bipolar transistors with the UC3842 output. 
The simple circuit of Figure 18 can be used when the 
control IC is not electrically isolated from the MOSFET 
turn-on and turn-off to +1 amp. It also provides damping 
for a parasitic tank circuit formed by the FET input capaci- 
tance and series wiring inductance. Schottky diode D1 
prevents the output of the IC from going far below ground 
during turn-off. 


Voc = 15V 
Ty = 425°C —— 


Ty = 55°C enne 


aes 
aut 


A a 
a 


SATURATION VOLTAGE = (V) 


° ‘ 
0.01 0.04 0.1 0.2 0.40.6 1.0 


OUTPUT CURRENT SOURCE OR SINK = (A) 
, 0019-18 
Figure 17. Output Saturation Characteristics 


20 TO 30V 


Figure 19. Isloated MOSFET Drive 
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Figure 19 shows an isolated MOSFET drive circuit which 
is appropriate when the drive signal must be level shifted 
or transmitted across an isolation boundary. Bipolar tran- 
sistors can be driven efficiently with the circuit of Figure 
20. Resistors Ry and Re fix the on-state base current 
while capacitor C, provides a negative base current pulse 
to remove stored charge at turn-off. 


Since the UC3842 series has only a single output, an in- 
terface circuit is needed to control push-pull half or full 
bridge topologies. The UC3706 dual output driver with in- 
ternal toggle flip-flop performs this function. A circuit ex- 
ample at the end of this paper illustrates a typical applica- 
tion for these two ICs. Increased drive capability for driv- 
ing numerous FETs in parallel, or other loads can be ac- 
complished using one of the UC3705/6/7 driver ICs. 


10 TO 20V 


7 0019-19 
Figure 18. Direct MOSFET Drive 


12 TO 20V 


0019-21 
Figure 20. Bipolar Drive with Negative Turn-Off Bias 
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NOISE 


As mentioned earlier, noise on the current sense or con- 
trol signais can cause significant pulse-width jitter, particu- 
larly with continuous-inductor-current designs. While slope 
compensation helps alleviate this problem, a better solu- 
tion is to minimize the amount of noise. In general, noise 
immunity improves as impedances decrease at critical 
points in a circuit. 


One such point for a switching supply is the ground line. 
Small wiring inductances between various ground points 
on a PC board can support common-mode noise with. suf- 
ficient amplitude to interfere. with correct operation of the 
modulating IC. A copper ground plane and separate return 
lines for high-current paths greatly reduce common-mode 
noise. Note that the UC3842 has a’single ground pin. 
High sink currents in the output therefore cannot be re- 
turned separately. : 


Ceramic monolythic bypass capacitors (0.1 F) from Voc 
and Vref to ground will provide tow-impedance paths for 
high frequency transients at those points. The input to the 
error amplifier, however, is a high-impedance point which 
cannot be bypassed without affecting the dynamic re- 
sponse of the power supply. Therefore, care should be 
taken to lay out the board in such a way that the feed- 
back path is far removed from noise. generating compo- 
nents such as the power transistor(s). 


Figure 21 illustrates another common noise-induced prob- 
lem. When the power transistor turns off, a noise spike is 
coupled to the oscillator Rt/Cy terminal. At high duty cy- 
cles the voltage at Ry/Cry is approaching its threshold lev- 
el (~2.7V, established by the internal oscillator circuit) 
when this spike occurs. A spike of sufficient amplitude will 
prematurely trip the oscillator as shown by the dashed 
lines. In order to minimize the noise spike, choose Cy as 
large as possible, remembering that deadtime increases 
with Cy. It is recommended that Cr never be tess than 
~ 1000 pF. Oftén the noise which causes this problem is 
caused by the output (pin 6) being pulled below ground at 
turn-off by external parasitics. This is particularly true 


oat 


NOISE INDUCED 
OSCILLATOR PRE-FIRING 
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when driving MOSFETs. A Schottky diode clamp from 
ground to pin 6 will prevent such output noise from feed- 
ing to the oscillator. If these measures fail to correct the 
probelm, the oscillator frequency can always be stabilized 
with an external clock. Using the circuit of Figure 31 re- 
sults in an Rt/C7 waveform like that of Figure 21B. Here 
the oscillator is much more immune to noise because the 
ramp voltage never closely approaches the internal 
threshold. 


SYNCHRONIZATION 


The simplest method. to force synchronization utilizes the 
timing capacitor (C7) in near standard configuration. Rath- 
er than bring Cy to ground directly, a small resistor is 
placed in series with Cy to ground. This resistor serves as 
the input for the sync pulse which raises the Cr voltage 
above the oscillator’s internal upper threshold. The PWM 
is allowed to run at the frequency set by Ry and Cy until 
the sync pulse appears. This scheme offers several ad- 
vantages including having the local ramp available for 
slope compensation. The UC3842/3/4/5 oscillator 


SYNC CIRCUIT 
INPUT 


tL 


uc 
3842/3/4/5 


PWM 
240 


7 0019-32 
Figure 22. Sync Circuit Implementation 


« INTERNAL > 
THRESHOLD 


<+—_ Vein 4 ———_> 


a. 
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Figure 21. (a.) Noise on Pin 4 can cause oscillator to pre-trigger. 
(b.) With external sync., noise does not approach threshold level. 


9-70 


APPLICATION NOTE 


must be set to a lower frequency than the sync pulse 
stream, typically 20 percent with a 0.5V pulse applied 
across the resistor. Further information on synchronization 
can be found in ‘Practical Considerations in Current Mode 
Power Supplies” listed in the reference appendix. : 


The UC3842 can also be synchronized to an ‘external 
clock source through the R7/Cy terminal (Pin 4) as shown 
in Figure 23. 


In normal operation, the timing capacitor Cy is charged 
between two thresholds, the upper and lower comparator 
limits. AS Cy begins its charge cycle, the output of the 
PWN is initiated and turns on. The timing capacitor contin- 
ues to charge until it reacties the upper threshold of the 
internal comparator. Once intersected, the discharge cir- 
cuitry activates and discharges ‘Cy until the lower thresh- 
old is reached. During this discharge time the PWM output 
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digital logic input rather than the conventional: analog 
mode. The primary considerations of on-time, dead-time, 
duty cycle and frequency can be encompassed in the digi- 
tal pulse train input. : B= 


A LOW logic. level input determines the PWM maximum 
ON time. Conversely, a HIGH input governs the OFF, or 
dead time. Critical constraints of frequency, duty cycle or 
dead time can be acurately controlled by anything from a 
555 timer to an elaborate microprocessor controlled soft- 
ware routine. : 


is disabled, thus insuring a “dead” or off. time for the out- EXTERNAL 
put. CLOCK 
A digital representation of the oscillator charge/discharge JUL 
status can be utilized as an input to the R7/Cry terminal. 
In instances like this, where no synchronization port is 
easily available, the timing circuitry can be driven from a 
: 0019-34 
Omeax = ti (ty + td 
ty = 0.698 (Ry + Ap) C Veo 
tL = 0.693 ReC 
CMOS 
7555‘ DISCH 
TRIG 
ee 7 CNTL THRESH 
0.4 GD 
. — 0019-33 
Figure 23 
Synchronization to an External Clock 
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0019-35 
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| ( ) COMBINED ae iag 
Figure 24 
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SYNC PULSE GENERATOR 


The UC3842/3/4/5 oscillator can be.ysed to generate scheme. Triggered by the master’s deadtime, this circuit is 
sync pulses with a minimum of external components. This useable to several hundred kilohertz with a: minimum. of 
simple circuit shown in Figure 25 triggers on the falling delays between the master and slave(s). The photos 
edge of the Cr waveform, and generates the sync pulse shown in Figures 26 and 27 depict the circuit waveforms 
required for the previously mentioned synchronization of interest. 


2N2907 


GND = GND 
7 : 0019-37 


Figure 25. Sync Pulse Generator Circuit 


Top Trace: 

Circuit Input 

Top Trace: 
: Slave Cy 

Bottom Trace: 

Circuit Output Bottom Trace: 

Across 24 Ohms Master Cr 
Vertical: O.S5V/CM Both & = ee Vertical: 0.5V/CM Both 
Horizontal: 0.5yS/CM Horizontal: 0.54S/CM 

001938 |. 001939 ...., 
Figure 26. Operating Waveforms at 500 kHz : Figure 27. Master/Slave Sync Waveforms at Cy 
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CHARGE PUMP CIRCUITS 
LOW POWER DC/DC CONVERSION 


Step Up - inverting 
Vo = 2 Vin se Vo = —Vin 


Foyy ew 100 KHz 


Four 100 KHz DUTY % = 50 


DUTY = = 50% 


Vin 


0019-44 : 0019-45 


Figure 28 ; Figure 29 


Low Power Buck Regulator—Voltage Mode 


. The basic buck regulator is described 
in the UNITRODE Applications Hand- 
book. 


*Consult UNITRODE Power Supply 
Design Seminar Book for compensa- ‘” 

_ tion details; see “Ciosing The Feed- 
back Loop”, Buck Topology. 


L 


ee 0 
Fosc= Vo 
100 KHz 7 


+ViINn 


0.1 nF 


~Vin 
0019-47 


Figure 30 
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APPLICATION NOTE 


CIRCUIT EXAMPLES 


1. Off-Line Flyback 


Figure 31 shows a 25W multiple-output off-line flyback 
regulator controlled with the UC3844. This regulator is low 
in cost because it uses only two magnetic elements, a pri- 
mary-side voltage sensing technique, and an inexpensive 
control circuit. Specifications are listed below. 


52 D1 


117 VAC 


U-100A 


Also consult UNITRODE application note U-96 in the ap- 
plications handbook. 


Figure 31 


Power Supply Specifications 


1. Input Voltage: 95 VAC to 130 VAC (50 Hz/60 Hz) 
2. Line Isolation: 3750V 

3. Switching Frequency: 40 kHz 

4. Efficiency @ Full Load: 70% 

5. 


. Output Voltage: 
A. +5V, +5%: 1A to 4A load 
Ripple voltage: 50 mV P-P Max. 
B. +12V, +3% 0.1A to 0.3A load 
Ripple voltage: 100 mV P-P Max. 
C. —12V +3%, 0.1A to 0.3A load 
Ripple voltage: 100 mV P-P Max. 
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D4 
1N3613 


COM 


+12V 
03 
1N3612 
N +12V COM 
C4 Cc 
47 uF 
25V ; 
-12V 


Qi cB 
UFN833 680 pF 
600V 
R10 
0.550. oS ey 
1w 1N3613 2.7k 
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UC1637/2637/3637 
SWITCHED MODE CONTROLLER 
FOR DC MOTOR DRIVE 


INTRODUCTION 


There is an increasing demand today for motor control 
Circuits, as a result of the incredible proliferation of auto- 
mated position control equipment, which is itself made 
possible by recent developments in the field of digital 
computation. 

The UC1637 Switched Mode Controller for DC motors is 
one of several integrated circuits offered by Unitrode for 
motor controls. This Application-Note presents the general 
principles of its operation and the circuit details that optim- 
ize its use. As an illustration we will carry out an actual 
design, which will involve not only the UC1637, but also a 


power H-bridge using MOSFET transistors, and a modern 
DC motor tachometer. Using the tach output and 
UC1637’'s error amplifier, we will close the velocity control 
loop after a brief analysis of the factors that affect the 
feedback loop stability. 

To achieve high efficiency power amplification, the 
UC1637 uses pulse width modulation, or PWM. This tech- 
nique is employed today in many different circuits where 
power losses must be minimized, and is most suitable in 
applications involving inductive loads such as motors, 
voice coils, etc. 


UNDER-VOLTAGE 
LOCKOUT 
@ el) UVL 


~— h4 


cr 2 | si 


E/Aour 


[14 | SHUTDOWN 


7 |Bour 


FIGURE 1. BLOCK DIAGRAM OF UC1637. 
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PULSE WIDTH:MODULATION (PWM) 

The function of a power amplifier is to regulate the flow of 
energy from a power supply to a load, under the control of an 
input signal. A linear amplifier does this by interposing a 
controlled voltage drop in series with the load; while carrying 
the full load current. The product of this:voltage and current 
represents the amount of power that must be dissipated by 
the amplifier itself, and it is easy to see that the method is not 
very efficient. In fact, its usefulness diminishes rapidly as the 
amount of power to be controlled increases and, at some 
point, a more efficient method becomes imperative. 

PWN is a switching technique in which the supply voltage is 
fully applied (switched) to the load and then removed, the 
“on” and “off” times being precisely controlled. The effect on 
the load is the same as if some lower voltage were continu- 
ously applied whose value depended on the duty-cycle, that 
is, the ratio of “on” time to the full switching period.:Since 
supply current only flows during the “on” times, it is apparent 
that the efficiency should be much higher than in the linear 
amplifier, as in fact it is. Still, switching transistors have small 
but finite “on” voltages and transition times, all of which 


introduce losses, which limit practical PWM efficiencies to - 


something between 75% and 90%. 


THE UC1637 
The diagram of Figure 1 shows in block form the internal 
organization of the device. The main functions are: 

A) Triangular wave generator, CP, CN, S1, SR1 

B) PWM comparators, CA, CB 

C) Output control gates; NA, NB 

D) Current limit; CL, SRA, SRB 

E) Error amplifier, EA 

F) Shutdown comparator, CS 

G) Undervoltage lockout; UVL 


th 
"77" OVAC| REFERENCE QU 
VOLTAGE 


TRIANGULAR 
WAVEFORM 


. 
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The two output lines, Aour and Bour, are meant to drive the 
two legs of an H-bridge power amplifier, with the load driven 
in bipolar fashion. The Aour and Bour outputs themselves are 
rated at 500mA peak and 100mA continuous, which makes 
it easy to interface the device with most amplifiers. 

In order to generate two PWM output signals, we first pro- 
duce a triangular waveform, or linear ramp. This is done by 
charging a capacitor Cr (pin 2) with constant current Is until 
the comparator CP, with a fixed threshold vottage of +Vm, 
delivers a pulse to “set” the SR1 latch circuit. This forces Q 
high, which closes the switch S1 and adds a negative cur- 
rent, 2xls, to the node of pin 2. As a result, a net current equal 
to ls-now flows out of Cr, discharging it linearly until the 
comparator CN resets SR1, and the cycle restarts. Thus, the 
vottage at pin 2 rarnps continuously between -V1n and +VTH 
at a frequency that depends on these two threshold voltages, 
on Cr, and on ls. 

The current ls is programmed by means of a resistor con- 
nected to pin 18. The voltage at this pin is equal to +VrH and 
an internal current mirror forces the charging current ls to be 
equal to the current flowing out of pin 18. If a resistor Rs is 
connected from pin 18 to —Vs (pin 5) instead of to ground, the 
ramp frequency becomes independent of power supply vol- 
tage variations, since Is will then change together with Vr. 
As Figure 2 shows, a triangular waveform can be compared 
with a reference voltage to generate a PWM signal. The 
UC1637 uses two separate comparators to generate the two 
output signals Aour and Bour. The way the signals are 
handled, and the results, are shown in Figure 3 where it can 
be seen that the difference between Va and Ve is the cause 
of the time intervals during which both outputs are low. 


COMPARATOR 


FIGURE 3. TWO PWM SIGNALS ARE. GENERATED IN THE UC1637. 
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The two nand gates, NA and NB, will be enabled if the 
following two conditions are met: 


A) supply voltage +Vs is greater than +4.15 volts (typ) 
B) the shut-down input line (pin 14) is at least 2.5 
volts (typ) negative with respect to +Vs. 

If these are satisfied, the Aout output line will be high ifthe CA 
output and Q of SRA are both high. Since SRA is set at each 
positive peak of the oscillator ramp, the output Aour can be 
controlled by CA singly — as long as a current-limit pulse 
from CL does not occur. The operation of the NB gate is 
similar. 
The timing diagrams of Fig. 4 show the sequence of events 
before and after a current limit pulse occurs. Before time t: 
the PWM action is smoothly controlled by the ramp compari- 
sons with Va and Ve. The pulse from CL.at time ti resets both 
SRA and SRB; the output lines are now disabled until SRA is 
set (at time te) and SRB is set (at time ts). 


U-102 


The current limit comparator CL provides a means to protect 
both driver and motor from the consequences of very high 
currents. If the current delivered by the driver to the motor is 
made to flow through a low value resistor (for example, see 
Rs in Figure 7) the voltage drop across this resistor will be a 
measure of motor current. This voltage is applied between 
pins 12 and 13 of the UC1637, with pin 12 positive. A 200mV 
threshold is provided internally (see Figure 1) so that when 
the Rs voltage is equal to 200mvV, the output of CA goes high, 
resetting both SRA and SRB and, consequently, terminating 
any active output pulse. This pulse-by-pulse method of cur- 
rent limiting is very fast and provides effective protection, not 
only for the driver components, but also for the motor, where 
the possibility of demagnetization due to excessive current is 
a matter of serious concern. 

Finally, the UC1637 contains also an operational amplifier, 
EA, that can be used to provide gain and phase compensa- 
tion, as will be seen later. 


| 
1 
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FIGURE 4. TIMING DIAGRAM SHOWING THE GENERATION OF PWM PULSES AT Aour AND Bour. 
BEFORE TIME t:, THE Q OUTPUTS OF SRA AND SRB ARE BOTH HIGH AND THE OUTPUT PULSES ARE CONTROLLED BY THE RAMP 
INTERSECTIONS WITH Va AND Vs. AT TIME t:, THE CURRENT LIMIT COMPARATOR HAS SENSED EXCESS CURRENT AND THE CL 
OUTPUT HAS GONE HIGH, RESETTING BOTH SRA AND SRB. THIS TERMINATES THE Aouwr PULSE THAT WAS ACTIVE AT THE TIME. 
Aout CAN RESUME ONLY AFTER SRA IS SET AT tz; Bour CAN RESUME ONLY AFTER SRB IS SET AT ts. 
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APPLICATION NOTE 


Figure 5 shows the connections needed to get the ramp 
generator and the two comparators ready to go. There is no 
great difficulty in calculating values for the various resistors, 
which are no more than two simple voltage dividers. Still, 
certain things should be considered before proceeding. 
The input impedance Rin, seen by the control voltage Ve will 
be 4 


Ra + Re 
2 


Rin = 1) 


and this value may be specified or determined in advance. 
A\so, it would be economical to have a minimum number of 
different values of resistors. If we make 


Ri = Rs (2) 


we will have four resistors of equal value in the final circuit. 


There is also the question of deciding on the separation Ve 
between the reference voltages +Vr and -Va. The voltage 
gain of the PWM amplifier will have one of the four char- 
acteristics depicted in Figure 6, depending on your choice 
of reference voltage separation. You can get a linear 
response by making Ve = 0, as in Curve #1, or by mak- 
ing:Va — Va = 2Vin, as in Curve #3. In Curve'#2, there isa 
change in slope due to the contribution, near zero, of both 
Va and Ve to the output changes, which in some systems 
may be undesirable, but which may be of interest due to the 
fact that it results in zero losses at null. 


4Vs 


+VTH 


-VtH 


Vc 
(Control Voltage) 


FIGURE 5. SETTING UP THE A AND B COMPARATOR INPUTS. 
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NOTE: Max. Vo is less than Vs due to 
device saturation voltages, Vsar. 


FIGURE 6. PWM VOLTAGE GAIN CHARACTERISTICS OBTAINABLE WITH 
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VARIOUS VALUES OF REFERENCE VOLTAGE SEPARATION, 
OR GAP VOLTAGE 2 Va. : 

LINEAR GAIN WITH Vp = 0 (a = 0). 

. NON-LINEAR GAIN WITH Va GREATER THAN ZERO BUT LESS 

THAN ViH (0 < a < 1). 

LINEAR GAIN WITH Va = Vin (a = 1). 

. NON-LINEAR GAIN WITH Va GREATER THAN Vtx (a > 1). 
NOTE: THE SLOPE OF LINE 1 IS TWICE THAT OF LINE 3. 


po n= 


At this point, this choice of PWM gain characteristic 
amounts only to the choice of the ratio between Vaand Vm: 


Ve 
Vm 


(3) 


a= 


The values of Vr and Va, as well as Ra and Re, depend. on 
the following: 


+Vs: power supply voltages 
Riw: desired control input resistance 
Vermax: peak value or input voltage Ve. This is the 
input voitage at which the output reaches 
100% duty cycle 
a: ratio of Va to Vm 
These values being known, the designer can proceed to 
calculate the-following circuit values: 


aes 7 
a 
Rg = 1 
Vemax + Vs ( + +) 
Ra = 2 Rin - Rs (5) 
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_ NsRa (6) 
MA Ria 
Vins WE (7) 
a 
= Vm (8) 
Re = 2 Rs Vs - Vin 


and, from Eq. (2), Ri = Rs. 

Having chosen a frequency fr for the PWM timing circuit, 
you can now calculate Cy and Rr. A suitable Starting value 
for the charging current Is is 0.5mA which gives 


— Vs + Vr , a (9) 


Ar = 5005 


_ 0005 (10) 
1 Afr View 


You will probably need to make an adjustment here, so as 
to get a standard value for capacitor Cr, and it is best to 
keep Is in the range from 0.3mA to 0.5mA when you do this. 


It may be desirable, or even necessary in some conditions, 
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to bypass the +Vr4 and -Vri inputs to ground, and for this, 
ceramic capacitors of O.1yuf should -be adequate. 
Remember aiso that terminal 14, the shut-down line, must 
be held “low” (at least 2.5V below the positive rail) in order 
to enable the drive. With an external switch to ground, or to 
-Vs, and a pull-up resistor to +Vs, this line can be used to 
enable (low), and disable (high), the output. Both Aour and 
Bour will be low when the shut-down line is high. 

The next step is to connect the UC1637 toa suitable power 
amplifier, and the amplifier to the motor. The UC1637 has 
provisions for current limiting, as discussed earlier, and you 
must make arrangements to develop a voltage proportional 
to motor current at the driver side. This can be done by 
adding to an H-bridge a low value resistor in series with rai 
connections. The current limit comparator has a common 
mode range that reaches all the way down to the negative 
rail (on the positive side the limit is 3V below the positive 
rail). A resistor Rs is then added at the bottom of the bridge, 
and its value is selected so as to give a voltage drop to 
200mV when the desired limit current flows. 

Re = _2_ (ohms) (11) 

Imax oo, 


where: Imax: is the maximum desired motor current. in 
amperes. In a breadboard, a twisted pair of wires should be 
used to make the connection from this resistor to pins 12 
and 13, .and an RC filter should be added, as shown in 
Figure 7. 

On a PC board, it is a good idea to keep Rs close to the 
UC1637 to minimize the length of the connecting traces. 
The RC filter should still be used. 


Rs = 0.025 ohm, 3W 


-15V 


FIGURE 7. CIRCUIT DIAGRAM OF PWM VOLTAGE AMPLIFIER WITH GAIN OF 3. 


APPLICATION NOTE 


AN EXAMPLE 


We are ready now to design a current limited, PWM voltage 
amplifier to drive a small DC servomotor. Here are the 
requirements: 


- Supply voltages: +15V 
Input: +10V max. 10K input res. 
PWM frequency: 30KHz 
Motor current limited at 8A 
Minimum power losses at idle 


We have: 

Vs = 15V 
Vemax = 10V 
Rin = 104 ohm 
fr = 3 x 104 Hz 
and Imax = 8A 


and also, from the. last requirement, a ='1. 


FROM EQUATIONS 


(4) _ 2x10°x15x2 _ 
Ro 70 +15 x2 2 


(5) Ra=2x 104-15 x 10° = 5K 


(6) _15x5x 10% _, 
Va = apt 7 S7BV 
(7) Vm = 3.75V 
(8) a 3 3.75 - 
Re = (2x 15 109) x = = 10K 
9) p- 15+375 _ a76K 


_ 0005 
and of course, Ri = Re = 15K. 


(10) oe 0005 


= 1.11 « 107 Pd 
4X 30 x 10°x 3.75 : re 


If we settle for Rr = 39K, ls becomes slightly less than 
0.5mA and if we then pick Cr = 1000pf, the nominal fre- 
quency becomes 32KHz. 


To limit the motor current at 8A, we need, from Eq. 11, 


Rs = 2 = 0.025 ohm 


The peak power in the resistor will be 


Ps = 87 x .025 = 1.6 watts. © 
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Incidentally, the voltage gain of the amplifier can be deter- 
mined from the fact that a 10V change at the input results in 
a 30V change at the output; therefore, the gain from input to 
motor terminals is 3. The above circuit is shown in Figure 7. 


THE POWER AMPLIFIER 


Where space is tight and motor current is less than five 
amperes, the Unitrode PIC900 offers a perfect solution to 
your power bridge design. This device comes in a DIL-18 
package, requires only 5mA of input drive current, and is 
rated at 5A absolute maximum output current. It contains 
all you need for the output H-bridge — including the circu- 
lating diodes — and with only a few added parts, you are 
ready to go. A circuit diagram showing a velocity feedback 
loop using one UC1637 and one PIC900 appears in the 
UC1637 data sheet. 

For higher currents, you will have to design your own 
amplifier, and for the purposes of this application note, a 
sample design is shown in Figure 8. Referring to that circuit, 
note that with +Vs and -Vs applied, if the inputs are left 
open, the power MOSFETs are all “off”. If Drive A, for 
example, is driven to within 3.6V of either power rail, then 
the corresponding output is switched to that rail. Note that 
since the PNP and NPN junction transistors are by nature 
faster switching “on” than “off”, while the MOSFETs are 
much faster than the junction transistors driving them, this 
connection provides a simple guarantee against cross- 
conduction. Also working toward this goal is the fact that 
the junction transistor can discharge the MOSFET’s input 
capacitance faster than the 1K, 1W resistor can charge it. 
The arrangement shown in Figure 8 results in a transition 
time of about 1.5uS during which both MOSFETs in a given 
leg are off. This amount of time is a very small portion of the 
33yS period toward which we are designing our example. 
The power MOSFET transistors, in TO-220 package, are 
rated at GOV and 12A. The channel “on” resistance is quite 
low, 0.25 ohms at 8A, for the UFN533, resulting in low 
thermal losses. You can easily find other devices with even 
lower Ros values, if needed, but as always, the price you 
pay is that you must pay the price. 

Finally, a word about circulating diodes — conspicuous in 
Figure 8 by their absence. All power MOSFETs have an 
intrinsic rectifier, or body diode, a junction rectifier whose 
current rating is the same as that of the transistor. With the 
drive format provided by the UC1637, the two bottom 
MOSFETs (N-channel) are “on” during the time when 
motor current circulates, and as a result, the reversed 
diode carries only a small portion of the current; most of it 
flows from source to drain through the channel. In fact, the 
diode fully conducts only during the.1.54S when both devi- 
ces in one bridge leg are off. You can add fast recovery 
diodes in shunt with the MOSFETs if you find that they are 
essential. The intrinsic MOSFET diode is not particularly 
fast, and.as your output current requirements increase, the 
need for fast external diodes will become more and more 
apparent. 
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+Vs 


1K 


12Vz 


BK IRF9531 
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(N-CHANNEL) 


1K 


Q1, Q2 — 2N2905A 
Q3, 04 — 2N2219A 
12Vz — 1N4742 


Rs = 0.025 


Vs 


FIGURE 8. THIS 8A POWER AMPLIFIER IS SUITABLE FOR 30KHz OPERATION. 


THE SERVOMOTOR 

It is convenient to represent the DC servomotor by asimple 
equivalent circuit, and one such circuit is shown in Figure 9. 
Note that by expressing the moment of inertia J and the 
motor constant K in metric units (Nm sec? and Nm/A 
respectively), we avoid the need to include a multiplying 
constant in the.expressions for Cand €o. Also, the motor 
constant K, in metric units, defines both the voltage con- 


Ra La 


=_ 
Hs . 


FIGURE 8. EQUIVALENT CIRCUIT OF MOTOR, WHERE J IS THE 

TOTAL MOMENT OF INERTIA OF ROTOR PLUS LOAD. 
Ra = armature resistance; ohms. 
La = armature inductance; henrys. 

' Cm = equivalent capacitance; farads. 
J = total moment of inertia; Nm sec. 
K = motor constant; volt sec/rad, or Nm/A. 
@ = rotor angular velocity; rad/sec. 


TO CONVERT FROM TO MULTIPLY BY 
oz in’ sec? Nm sec? 7.06 x 10-5 
volts/KRPM volt sec/rad 9.55 x 10-7 


stant in volt-sec/rad, and the torque constant in Nm/A, as 
one and the same number. 

The ratio J/K? has the dimensions of capacitance, with a 
value runnng to several thousand microfarads. The voltage 
across this capacitor is equal to Kw where w is the angular 
velocity of the rotor in rad/sec. Consequently, this voltage 
is the analog of shaft velocity. ; 


Our equivalent circuit, then, is a simple series connection of 
Ra, the armature resistance; La, the armature inductance; 
and Cm, the equivalent capacitance, equal to J/K?. It 
should come as no surprise that such a circuit will have a 
natural resonant frequency wy, and a resonant Q as well. 


This is indeed the case, and we have for its transfer 


function, 
@o(S)_ _ 1 (12) 
eus) (s/wn)? + S/Qun + 4 
where On = ane (13) 
vuJ 
sk La (14) 
and Q Ra 5 
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We can now use these sample results in: our sample 
design. Here are some of the. data’ given by a motor 
manufacturer: : 


EG & G TORQUE SYSTEMS 
MODEL NO. MT-2605-102CE 
(motor - tach assembly) 


MOTOR: Kr = 4.7 oz in/amp 
Ky = 3.5V/KRPM : 
Ra = 0.7 ohms 
Ju = 0.0018 oz in sec” 
Tu = 8.6 ms (mech. time const.) 
Te = 16 ms (el. time const.) 
TACH: Jr = 0.001 02 in sec? 
Ky = 3V/KRPM 
The several motors in this series and size have the same 
electrical time constant Te, and since we know Ra, 
La = Te Ra = 0.016 x 0.7 
La = 1.12 mH 


The total moment of inertia is 
J = Um + Jr = 0.0018 + 0.001 
J = 0.0028 oz in sec? 


In metric units, 


_ 0.0028 : 
J= Taper (Nm sec) 


Putting Kr in metric units, 


47 


K= Ta 612 


(Nm/amp) 


The equivalent capacitance is 


J _ 141.612 x 0.0028 


Cane (aie 


z = 18,0004 


For the equivalent circuit, then, the values are 
Ra = 0.7 ohms 
ba = 1.12 mH 
Cm = 18,000pf 


The angular velocity ss will be proportional to the voltage 
@o across Cm; 


; e:(s) G 
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Ra=0.70 


La = 1.12mh— 


e eo = Ka 


& Ts 
| v eee! jt CM = 18,000;4 


T= tach voltage const. 
motor voltage const. 


FIGURE 10, THE TACH VOLTAGE ex 1S PROPORTIONAL TO w. 


ifthe motor has a tachometer attached, we can include it in 
the equivalent circuit by deriving an equivalent tach voltage 
proportional to eo. This is illustrated in Figure 10, where 


Tach. voltage constant 
Motor voltage constant 


Te= 
3V/KRPM 


35V/KRPM  °O! 


Te= 


From Eq. 13, an = 222.7 rad/sec 


From Eq. 14, Q = 0356 


(Note: Since { = a" the damping factor here is 1.4) 


From Eq. 12 and the above data, we can write the ratio 
of tach vottage to input as 


ers) _ 88! (15) 


4 


222.7 7) 3 


THE VELOCITY LOOP 
Our objective is to put together a feedback loop using our 
UC1637, H-bridge, and motor: the controlled variable is w, 
the motor shaft's angular velocity. For high accuracy, we 
need a high loop gain, so that small velocity errors are 
magnified and corrected. The UC1637 internal ERROR 
amplifier is appropriate for this purpose, and will be used as a 
summing amplifier. But before proceeding, let us take a look 
at Figure 11, where a plot of the motor-tach transfer function 
(Eq. 17) is shown. The plot shows that as the frequency 
increases, the tach output decreases and the phase lag 
increases towards a maximum of 180°. This means that 
although we can introduce plenty of gain at very low frequen- 
cies, where the phase lag is low, the added gain must be 
reduced at the higher frequencies, where the 180° phase 
lag tends to make our loop a regenerative one. If we want the 
closed loop response to be “snappy”, that is, if we want a 
bandwidth of several tens of hertz, then the loop gain must be 
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ATTENUATION — (dB) 
PHASE ANGLE — (°) 


=i 
500 1K 5K 10K 


"FREQUENCY - (rad/sec) 
FIGURE 11. PLOT OF MAGNITUDE AND ANGLE ‘OF EQ. 15, WHICH 
DESCRIBES PERFORMANCE OF OUR TEST MOTOR. 
fairly high at all frequencies in the band; yet, for flat response 
and fast step response with no overshoot we must make 
certain that the overall phase shift is less than 180° at any 
frequency at which the gain is greater than unity. 


BCs) 


(1 + sReCp) [1 + s(Ri + Ra) Ca) 
sR1Cp (1 + sRaCa) 


As) _ 
Bis) 


FIGURE 12. ERROR AMPLIFIER WITH ITS FREQUENCY 
COMPENSATION NETWORK. 
THE MAGNITUDE AND ARGUMENT OF THE TRANSFER - 


FUNCTION CAN BE EASILY PLOTTED WITH THE AID OF A 


PROGRAMMABLE CALCULATOR. 


The high gain ERROR amplifier of the UC1637, together with 
a few external components, is shown in Figure 12. Without 
Ra and Ca, the phase response of the circuit would go from 
-90° at low frequencies to 0° at high frequencies. This 
amount of phase correction is inadequate if we want a tight 
loop with good transient response. With Ra and Ca shunting 
Ri, it hecomes possible to have a oe phase angle 
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° o 8 


PHASE ANGLE — (°) 
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GAIN — (dB) 


QO 
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500 1K 
FREQUENCY — (rad/sec) 


FIGURE 13. MAGNITUDE AND ANGLE OF COMPENSATION 
AMPLIFIER OF FIGURE 12. 
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somewhere at midrange, even though the high frequency 
asymptote is still at zero degrees (Ra and Ca introduce both a 
zero and a pole). The transfer function of the circuit shownin 
Figure 12 is plotted in Figure 13 for the following component 
values: 


0047p 
The break frequencies are: 


1 1 


= 450 rad/sec 


ReCs = (Ri + Ra) Ca 
RiCe = 23,400 rad/sec 
PaCa = 4,500 rad/sec 


The plot shown in Figure 14 shows the result of cascading 
the compensation amplifier, PWM amplifier, and motor- 
tach. All gain contributions have been simply added 
together, and all phase contributians have also been 
added. The result, shown in Figure 14, shows the open loop 
frequency response of the complete velocity . control 


system. 


-180: 


50 100 500 1K 5K 10K 


FIGURE 14. OVERALL OPEN-LOOP RESPONSE, INCLUDING +8dB DUE 


TO PWM AMPLIFIER GAIN AND MOTOR-TACH OC GAIN. 


The inclusion of the ERROR amplifier with its compensa- 
tion components has had the effect of introducing a large 
amount of gain at the lower frequencies, and also of reduc- 
ing the phase lag at the higher frequencies. Fhe loop gain is 
OdB at about 7KHz, and the phase margin is about 40°. 
Moreover, since the phase never exceeds 180°; we have 
the needed indication of relative stability, and can proceed 
to close the loop as shown in Figure 15 and make measure- 
ments. Note that a noise fitter has neen added at the output 
of the tachometer. Such a filter is usually necessary, espe- 
Cially in PWM control loops of relatively wide bandwidth, 
because of the inevitable AC coupling between the motor 
signal and the tach output. In our filter, the 3dB cut-off point 
is at 21KHz, which is high enough not to affect the loop 
behavior. 
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MOTOR-TACH 


FIGURE 15. THE COMPLETE VELOCITY LOOP. 


The oscilloscope trace shown in Figure 16 reveals that the 
step response of our loop is very well behaved. The motor 
shaft reaches full speed in less than 10mS, and there is no 
noticeable overshoot. The net velocity change in Figure 16 
amounts to 133 RPM, and the current trace shows that the 
current does not quite reach the chosen limit of 8A. With 
larger input steps, the motor accelerates at constant 8A 
current, and the acceleration rate is approximately 
100RPM per millisecond. The 3dB bandwidth of the loop 
measured about 80Hz. 


CONCLUSIONS 

We have discussed in some detail the characteristics of 
Unitrode’s UC1637 ‘and have presented in detail a design 
approach which illustrates those points. The sample design 
was built and tested, with the measured results as presented 
above. These results show that excellent performance can 
be obtained with few components, and that the design tech- 


nique is quite simple. Our velocity loop would perform wellas 


an inner loop in a position control system, for example, 
although a different response might perhaps be desirable. 
However that may be, using the UC1637 a sizable portion to 
the job is completed beforehand. 


Top trace: 5A/cm 
Bottom trace: 100mV/cm 


Horizontal: 5 msec/cm 


FIGURE 16. STEP RESPONSE OF THE VELOCITY CONTROL LOOP OF 
FIGURE 15. THE UPPER TRACE SHOWS THE MOTOR 
CURRENT; THE LOWER TRACE SHOWS THE TACH 
OUTPUT VOLTAGE, 1.€., MOTOR VELOCITY. 


See Figure 17. 
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_ IMPROVED CHARGING METHODS FOR 
LEAD-ACID BATTERIES USING THE UC3906 


ABSTRACT 

This paper describes the operation and application of the 
UC3906 Sealed Lead-Acid Battery Charger. This IC pro- 
vides reductions in the cost and design effort of implement- 
ing optimal charge and hold cycles for lead-acid batteries. 
Described are the design and operation of several charg- 
ing circuits-using this IC. The charger designs use current 
and: voltage sensing combined with sequenced current 
and voltage control to maximize battery capacity: and life 
for-various applications. The presented material provides 
insight into expected improvements. in battery perfor- 
mance with respect to these specific charging methods. 
Also presented are uses of the many auxiliary functions 
included on this part. The unique combination of features 
on this control IC has made it practical to create charge 
and hold cycles that truly get the most out of a battery. 


% 


AN IC FOR CHARGING 

LEAD-ACID BATTERIES 
Battery technology has come a long way in: recent years. 
Driven by the reduction of size and power requirements of 
processing functions, batteries now are used to provide 
portability and failsafe protection to a new generation of 


SINK 


OVER-CHARGE [8] 
TERMINATE 


electronic systems. Although a number of battery technol- 
ogies have evolved, the lead-acid cell remains the work- 
horse of the industry due to its combination of prolonged 
standby and cycle life with a high energy storage capacity. 
The makers of uninterruptible power supplies, portable 
equipment, and any system that requires failsafe protec- 
tion are taking advantage of the improvements in this tech- 
nology to provide secondary power sources to their prod- 


- ucts, for example, the sealed cell, using a trapped or gelled 


electrolyte, has eliminated the. positional sensitivity and 
greatly reduced the dehydration problem. 


The charging methods used to replenish or maintain the 
charge on a lead-acid battery have a significant effect on 
the performance of the cells. Building an optimum charger, 
one that gets the most out of a battery, is not a trivial task. 
Making sure that a battery undergoes the.proper charge 
and hold cycle requires precision sensing and control of 
both voltage and current, logic to sequence the charger 
through its cycle, and temperature corrections -- added to 
the charger’s contro! and sensing circuits — to allow 
proper charging at any temperature. In the past this has 
required a significant number of components, and a sub- 
stantial design effort as well. The UC3906 Sealed Lead- 


SOURCE COMPENSATION 


TRICKLE 
Dy) eras 


CHARGE 
b ENABLE 


IHIGH—-95 Vrery 
LOW~.90 Vrer ’ 
fea 


STATE LEVEL 
Lg CONTROL 


ray OVERCHARGE 
INDICATE 


FIGURE 1. The UC3906 Sealed Lead-Acid Battery Charger combines precision voltage and current sensing with vol- 
tage and current control to realize optimum battery charge cycles. Internal charge state logic sequences the device 
through charging cycles. Voltage control and sensing is referenced to an internal voltage that specially tracks the 
temperature characteristics of lead-acid cells. 
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Acid Battery Charger has all the control and sensing func- 
tions necessary to optimize cell capacity and life in a wide 
range of battery applications. 


The block diagram for the UC3906 is shown in figure 1. 
Separate voltage loop and current limit amplifiers regulate 
the output voltage and current levels in the charger by con- 
trolling the onboard driver. The driver will supply 25mA of 
base drive to an external pass element. Voltage and cur- 
rent sense comparators are used to sense the battery con- 
dition and respond with logic inputs to the charge state 
logic. The charge enable comparator on this IC can be 
used to'remotely disable the charger. The comparator’s 
25mA trickle bias output is active high when the driver is 
disabled. These features can be combined to implement 
a low current turn-on mode in a charger, preventing high 
current charging during abnormal conditions such as a 
shorted or reversed battery. - 


A very important feature of the UC3906 is its precision 
reference. The reference voltage ‘is specially temperature 
compensated to track the temperature characteristics of 
lead-acid cells. The IC operates with very low supply cur- 
rent, only 1.7mA, minimizing on-chip dissipation and per- 
mitting the accurate sensing of the operating environmen- 
tal temperature. In addition, the IC includes a supply 
under-voltage sensing circuit, used to initialize charging 
cycles at power on. This.circuit also drives a logic output to 
indicate when input power is preserit. The UC3906 is spec- 
ified for operation over the commercial temperature range 
of 0°C to 70°C. For operation over extended temperatures, 
~40°C to 70°C the UC2906 is available. 


WHAT IS IMPORTANT IN A CHARGER? 


Capacity and life are critical battery parameters that are 
strongly affected. by charging methods. Capacity, C, refers 
to the number of ampere-hours that a charged battery is 
rated to supply at a given discharge rate. A battery's rated 
capacity is generally used as the unit for expressing 
charge and discharge current rates, i.e., a 2.5 amp-hour 
battery charging at 500mA is said to be charging at a C/5 
rate. Battery life performance is measured in one of two 
ways; cycle life or stand-by life. Cycle life refers to the num- 
ber of charge and discharge cycles that a battery can go 
through before its capacity is reduced to some threshold 
level. Standby life, or float life, is simply a measure of how 
long the battery can be maintained in a fully charged state 
and be able to provide proper service when called upon. 
The measure which actually indicates useful life expec- 
tancy in a given application. will depend on the particulars 
of the application. In general, both aspects of battery life 
will be important. 
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During the charge cycle of a typical lead-acid cell, lead sul- 


» fate, PbSO,, is converted to lead on the battery's negative 
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plate and lead dioxide on the battery's positive plate. Once 
the majority of the lead sulfate has been converted;over- 
charge reactions begin. The typical result of over-charge is 
the generation of hydrogen and oxygen gas. In unsealed 
batteries this. results in the immediate loss of water. In 
sealed cells, at moderate charge rates, the majority of the 
hydrogen and oxygen recombine before. dehydration 
occurs. In either type of cell, prolonged charging rates sig- 
nificantly above C/500, will result in dehydration, accel- 
erated grid corrosion, and reduced service life. 


The onset of the over-charge reaction will depend on the 
rate of charge. At charge rates of >C/5, less than 80% of 
the cell’s previously discharged capacity will be returned 
as the over-charge reaction begins. For over-charge to . 
coincide with 100% return of capacity, charge rates must 
typically be reduced to less than C/100. Also, to accept 
higher rates the battery’ voltage must be allowed to 
increase as over-charge is approached. Figure 2 illustrates 
this phenomenon, showing cell voltage vs. percent return 
of previously discharged capacity for a variety of charge 
rates. The over-charge reaction .begins at the point where 
the cell voltage rises sharply, and becomes excessive 
when the curves level out and start down again. 


VOLTAGE 


PERCENT OF PREVIOUS DISCHARGE 
CAPACITY RETURNED 


VOLTAGE CURVES FOR CELLS 
CHARGED AT VARIOUS CONSTANT 
(CURRENT) RATES AT ROOM 
TEMPERATURE 


FIGURE 2. Depending on the charge rate, over-charge reactions begin, (indi- 
cated by the sharp rise in battery voltage), well below 100% return of capacity. 
(Reprinted with the permission of Gates Energy Products, Jnc.) 
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Once a battery is fully charged, the best way to maintain 
the charges to apply a constant voltage to the battery. This 
burdens the charging circuit with supplying the correct 
float charge level; large enough to compensate for self-dis- 
charge, and not too large to result in battery degradation 
from excessive overcharging. With the proper float charge, 
sealed lead-acid batteries are expected to give standby 
service for 6 to 10 years. Errors of just five percent in a float 
charger's characteristics can halve this expected life. 


To compound the above concerns, the voltage character- 
istics of a lead-acid cell have a pronounced negative 
temperature dependence, approximately -4.0mv/°C per 
2V cell. In other words, a charger that works perfectly at 
25°C may not maintain or provide a full charge at0°C and 
conversely may drastically over-charge a battery at 
+50°C. To function properly at temperature extremes a 
charger must have some form of compensation to track the 
battery temperature coefficient. 


To provide reasonable re-charge times with a full 100% 
return of capacity, a charge cycle must adapt to.the state 
of charge and the temperature of the battery.4n sealed, or 
recombinate, ‘cells, following a high current charge to 


"return the bulk ofthe expended capacity, a controlled over- 


charge should take place. For unsealed cells the over- 
charge reaction must be minimized. After the over-charge, 
or at the onset of over-charge, the charger should convert 
to a precise float condition. 


A DUAL LEVEL FLOAT CHARGER 


Astate diagram for a sealed lead-acid battery charger that 
would meet the above requirements is shown in figure 3. 


Imax 


__—— Voc 


—Vi2 


Ve 
Vat 


CHARGER OUTPUT VOLTAGE 


STATE 1: BULK CHARGE 
STATE 2: OVERCHARGE 
STATE 3: FLOAT CHARGE 


CHARGER OUTPUT CURRENT 


FIGURE 3. The dual level float charger has three charge states. A constant 
current bulk charge returns 70-90% of capacity to the battery with the remaining 
capacity returned during an elevated (constant) voltage over-charge. The float 
charge state maintains a precision voltage across the batteryto optimize 
stand-by life. 
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This charger, called a dual level float charger, has three 
states, a high current bulk charge state, an over-charge 
state, and a float state. A charge cycle begins with the 
charger in the bulk charge state. In this state the charger 
acts like a current source providing a constant charge rate 
at Imax. The charger monitors the battery voltage and as it 
reaches a transition threshold, Viz, the charger begins its 
over-charge cycle. During’ the over-charge, the charger 
regulates the battery at an elevated voltage, Voc, until the 
charge rate drops to a specified transition current, loct. 
When the current tapers to locr, with the battery at the ele- 
vated level, the capacity of the cell should be at nearly 
400%. At this point the charger turns into a voltage regu- 
lator with a precisely defined output voltage, Ve. The out- 
put voltage of the charger in this third state sets the float 
level for the battery. 


With the UC3906, this charge and hold cycle can be imple- 
mented with a minimum of external parts and design effort. 
A complete charger is shown in figure 4. Also shown are 
the design equations to be used to calculate the element 
values for a specific application. All of the programming of 
the voltage and current levels of the charger are deter- 
mined by the appropriate selection the external resistors 
Rs, Ra, Re, Re. 


Operation of this charger is best understood by tracing a 
charge cycle. The bulk charge state, the beginning, is initi- 
ated by either of two conditions. Oneisthe cycling on of the 
input supply to the charger, the other is a low voltage con- 
dition on the battery that occurs while the chargers in the 
float state. The under-voltage sensing circuit on the 
UC3906 measures the input supply to the IC. When the 
input supply drops below about 4.5V the sensing circuit 
forces the two state logic latches (see figure 1) into the bulk 
charge condition (L1 reset and L2 set). This circuit also dis- 
ables the driver output during the under-voltage condition. 
To enter the bulk charge state while power is on, the 
charger mustfirst be in the float state (both latches set). The 
input to the charge state logic coming from the voltage 
sense comparator reports on the battery voltage. If the bat- 
tery voltage goes low this input will reset L1. and the bulk 
charge state will be initiated. 


With L1 reset, the state level output is always active low. 
While this pin is low the divider resistor, Rg is shunted by 
resistor Re, raising the regulating level of the-voltage loop. 
If we assume that the battery is in need of charge; the vol- 
tage amplifier will be in its stops trying to turn on the driver 
to force the battery voltage up. !n this condition the voltage 
amplifier output will be over-ridden by the current limit 
amplifier. The current limit amplifier will control the driver, 
regulating the output currentto aconstant level. During this 
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time the voltage at the internal, non-inverting, input to the 
voltage sense comparator is equal to 0.95 times the internal 
reference voltage. As the battery is charged its voltage will 
rise; when the scaled battery voltage at PIN 13, the invert- 
ing input to the sense comparator, reaches 0.95Vref the 
sense comparator output will go low. This will reset the sec- 
Ond latch and the over-charge state will be entered. At this 
time the over-charge indicator output will go low. Other 
‘than this there is no externally observable change in the 
charger. Internally, the Starting of the over-charge state 
arms the set input of the first latch — assuming no reset sig- 
nal is present — so that when the over-charge terminate 
input goes high, the charger can enter the float state. 


Inthe over-charge state, the charger will continue to supply 
the maximum current. As the battery voltage reaches the 
elevated regulating level, Voc, the voltage amplifier will 
take command of the driver, regulating the output voltage 
at a constant level. The voltage at PIN 13 will now be equal 
to the internal reference voltage. The battery is completing 
its charge cycle and the charge acceptance will start to 
taper off. 


As configured in figure 4, the current sense comparator 
continuously monitors the charge rate by sensing the vol- 
tage across Rs. The output of the comparator. is con- 
nected to the over-charge terminate input. Whenever the 


Q; 
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charge current is less than locr, (25m\V/Rs), the open col- 
lector output of the comparator will be off. When this transi- 
tion current is reached, as the charge rate tapers in the 
over-charge state, the off condition of the comparator out- 
put will allow an internal 10pA pull-up current at PIN 8 to pull 
that point high. A capacitor can be added from ground to 
this point to provide a delay to the over-charge-terminate 
function, preventing the charger from prematurely enter- 
ing the float state if the charging current temporarily drops 
due to system noise or whatever. When the voltage at PIN 
8 reaches its 1V threshold, latch L1 will be set, setting L2 as 
well, and the charger will be in the float state. At this point 
the state level output will be off, effectively eliminating Rc 
from the divider and lowering the regulating level of the vol- 
tage loop to Vr. 


In.the float state the charger will maintain Ve across the 
battery, supplying currents of zero to Imax as required. In 
addition, the setting of L1 switches the voltage sense com- 
parator’s reference level from 0.95 to 0.90 times the internal 
reference. ifthe battery is now discharged to a voltage level 
10% below the float level, the sense comparator output will 
reset L1 and the charge cycle will begin anew. 


The float voltage Ve, as well as Voc and the transition vol- 
tages, are proportional to the internat reference on the 
UC3906. This reference has a temperature coefficient of 
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w 
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FIGURE 4. Using a few external Parts and following simple design equations the UC3906 can be configured as a dual level float charger. 
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-3.9mV/°C. This temperature dependence matches the 
recommended compensation of most battery manufac- 
turers. The importance of the control of the charger’s vol- 
tage levels is réflected in the tight specification of the toler- 
ance of the UC3906's reference and its change with temp- 
erature, as shown in figure 5. ° 


INTERNAL REFERENCE TEMPERATURE 
CHARACTERISTIC AND TOLERANCE 


Vner GUARANTEED TOLERANCE 
VI 


ER 
TEMPERATURE 


CHARACTERISTIC. 


REFERENCE REGULATING LEVEL AT PIN 13 -V 
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10 20 30 40 50 60 70 


TEMPERATURE - °C 


FIGURE 5. The specially temperature compensated reference on the UC3906 


is tightly specified-over 0 to 70°C, (-40 to 70°C for the UC2906), to allow proper 
charge and hold characteristics at all temperatures. 


Imax, loct, Voc, and Ve can all be set independently. Imax, 
the bulk charge rate can usually be set as high as the avail- 
able power source will allow, or the pass device can han- 
dle. Battery manufacturers recommend charge rates in the 
C/20 to C/3 range, although some claim rates up to and 
beyond 2C are OK if protection against excessive over- 
charging is included. loct, the over-charge terminate 
threshold, should be chosen to correspond, as close as 
possible, to 100% recharge. The proper value will depend 
on the over-charge voltage (Voc) used and on the.cell’s 
charge current tapering characteristics at Voc. 


tmax and loct are determined by the offset voltages built 
into the current limit amplifier and current sense compara- 
tor respectively, and the resistor(s) used to sense Current. 
The offsets have a fixed ratio of 250mV/25mv. If ratios other 
than ten are necessary separate current sensing resistors 
or acurrent sense network, must be used. The penalty one 
pays in doing this is increased input-to-output differential 
requirements on the charger during high current charg- 
ing. Examples of this are shown in figure 6. 
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An alternative method for controlling the over-charge state 
is to use the over-charge indicate output, PIN 9, to initiate 
an external timer. At the onset of the over-charge cycle the 
over-charge indicate pin will go low. A timer triggered by 
this signal could then activate the over-charge terminate 
input, PIN 8, after a timed over-charge has taken place. 
This method is particularly attractive in systems with a cen- 
tralized system controller where the controller can provide 
the timing function and automatically be aware of the state 
of charge of the battery. 


The float, Vr, and over-charge, Voc, voltages are set by 
the internal reference and the external resistor network, 
Ra, Re, and Rc as shownin figure 4. For the dual level float 
charger the ranges at 25°C for Ve and Voc are typically 
2.3V-2.40V and 2.4V-2.7V, respectively. The float charge 
level will normally be specified very precisely by the battery 
manufacturer, little variation exists among most battery 
suppliers. The over-charge level, Voc, is not as critical and 
will vary as a function of the charge rate used. The absolute - 
value of the divider resistors can be made large, a divider 
current of 50pA will sacrifice less than 0.5% in accuracy 
due to input bias current offsets. 


AUXILIARY CAPABILITIES 

OF THE CHARGER IC 

Besides. simply charging batteries, the UC3906 can be 
used to add many related auxiliary functions to the charger 
that would otherwise have to be added discretely. The 
enable comparator and its trickle bias output can be used 
in a number of different ways. The modification of the state 
diagram in figure 2 to establish a low current turn-on mode 


AVMaX 
INPUT PASS 
SUPPLY ELEMENT 
Rs 
tmax/locr = 10 
[~ | 3} iceees [ 2} [4] 7 IMAX = 250mV/Rs 
+Vin c/S+ c/S- cL loct = 25mV/Rs 
| | AVMax = 250mV 
Rs1 Rg2 Imax! tocr > 10 
imax = 250mV/ Ry 
3) o loct «= = 25mV/(Rg1 + Asa) 
[~ ucss0e 2) ~7] AVMax = = 250mV ¢ Imax/ (10 locr) 
+V¥in c/s+ ci c/s— 
| | Imax/loct >10 
Ret * Ro Imax = 250mV/(Rg1 + Rs2) 
loct = 25miV/Rsy 
| | | AVmax = 250mV 
ue: 
a +Vn c/S+ a0 is- cit d . 


FIGURE 6. Although the ratio of input offset voltages on the current limit and 
current sense stages is fixed at 10, other ratios for Imax/locr are easily obtained. 
Note that a penalty for ratios greater than 10 is increased voitage drop across 
the sensing network at Imax. 
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of the charger (see figure 7) is easily done. By reducing the 
output current of the charger when the battery voltage is 
below a programmable threshold, the charging system 
protects against: One, high current charging of a string 
with a shorted cell that could result in excessive outgassing 
from the remaining cellsin the string. Two, dumping charge 
into a battery that has been: hooked up backwards. Three, 
excessive power dissipation in the charger’s pass element. 
As shown in figure 7, the enable comparator input taps off 
the battery sensing divider. When the battery voltage is 
below the resulting threshold, Vr, the driver on the 
UC3906 is disabled and the trickle bias output goes high. 
A resistor, Rr, connected to the battery from this output 
can then be used to set a trickle current, (=< 25miA) to the 
battery to help the charger discriminate betweén severely 
discharged cells and damaged, or improperly connected, 
cells, : 


In applications where the charger is integral to the.system, 


i.e, always Connected to.the battery, and the load currents . 


on the battery are very small, it may be necessary to abso- 
lutely minimize the load on the battery presented by the 
charger when input power is removed. There are two sim- 
ple precautions that, when taken, will remove essentially all 
reverse current into the charging circuit. In figure 8 the 


diode in series with the pass element will prevent any 
reverse current through this path. The sense divider — 
_ should still be referenced directly to the battery to maintain ~ 
accurate control of voltage. To eliminate this discharge. 


STATE DIAGRAM: UC2906 DUAL LEVEL FLOAT CHARGER 


CHARGER OUTPUT VOLTAGE 


(max 


STATE 1: BULK CHARGE 
STATE 2: OVER CHARGE 
STATE 3: FLOAT CHARGE 


CHARGER OUTPUT CURRENT 
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path, the divider in the figure is referenced to the open col- 
lector power indicate output, PIN 7, instead of ground. 
Connected in this manner the divider string will be in series 
with essentially an open when input power is removed. 
When power is present, the open collector device will be 
on, holding the divider string end at nearly ground. The 
saturation voltage of the open collector output is specified 
to be less than 50m\V with a load current of 50nA., 


Figure 9 illustrates the use of the enable comparator and 
its output to build over-discharge protection into a charger. 
Over-discharging a lead-acid cell, like over-charging, can 
severely shorten the service life of the cell. The circuit moni- 
‘tors the discharging of the battery and disconnects all load 
from the battery when its voltage reaches a specified cutoff 
point. The load will remain disconnected from the.battery 
until input power is returned and the battery recharged. 


This scheme uses a relay between the battery and its load 
that is controlled by Q1 and the presence of voltage across 
the load. When primary power is available Q1 is on via DS. 
The battery is charging, or charged, and the trickle bias 
output at PIN 11 is off. When input power is removed, C2 
provides enough hold-up time at the load to let Q1 turn off, 
and the relay to close as current flows through R1. The bat- 
tery is now providing power to the load and, through D1, 
power to the charger. The charger current draw will typi-_. 
cally be less than 2mA. As the battery discharges, the. 

UC3906 will continue to monitor its voltage. When the vol- 
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FIGURE 7. The charge enable comparator, with its trickle bias output, can be used to build protection into the charger. The current foldback at low battery voltages 
prevents high current charging of batteries with shorted cells, or improperly connected batteries, and also Protects the pass efement from excessive power dissipation. 
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tage reaches the cut-off level, set by the divider network, 
R5-R8, the trickle bias output, PIN 11, will go high. Q1 will 
turn back on and the relay current will collapse opening its 
contacts. As the load voltage drops, capacitor C1 supplies 
power to the UC3906 to keep Q1 on. Once'the input to the 
oharger.has collapsed the power indicate pin, as shown in 
figure 8, will open the divider string. The battery will remain 
open-circuited until input power is returned. At that time the 
battery will begin to recharge. ; c 


TO PASS 
ELEMENT 


EQUIVALENT 
INPUT. CRCUT 
Tt 


AMP AND SENSE 
COMPARATOR* 


FIGURE 8. By using a diode in series with the pass element, and referencing 
the divider string to the power indicate pin, pin 7, reverse current into the 
charger, (when the charger is tied to the battery with no input power), can 

be eliminated. 


{ ) indicates UC3906 PIN NUMBER 
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CHARGING LARGE SERIES 
STRINGS OF LEAD-ACID CELLS 


When large series strings of batteries are to be charged, a 
dual step current charger has certain advantages over the 
float charger of figures 3 and 4. A state diagram and circuit 
implementation of this type of charger is shownin figure 10. 
The voltage across a large series string is not as predict- 
able as a common 3 or 6 cell string. In standby service 
varying self discharge rates can significantly alter the state 
of charge of individual cells in the string if a-constant float 
voltage is used. The elevated voltage, low current holding 
state of the dual step current charger maintains full and 
equal charge on the cells. The halding, or trickle current, 
lx, will typically be on the order of O.005C to 0.0005C. 


To give adequate and accurate recharge this charger has 
a’bulk charge state with temperature compensated transi- 
tion thresholds, V;2, and Vay. Instead of entering an ele- 
vated voltage over-charge, upon reaching V2 the charger 
‘switches to a constant current holding state. The holding 
Current will maintain the baftery voltage at a slightly ele- 
vated level but not high enough to cause significant over- 
charging. If the battery current increases, thé charger will 
attempt to hold the battery at the Vr level as shown in the 
state diagram. This may happen if the battery temperature 
increases significantly, increasing the self-discharge rate 
beyond the holding current. Also, immediately following 
the transition from the bulk to float states, the battery will 
only be 80% to 90% charged and the battery voltage will 
drop to the Vr level for some period of time until full charg- 
ing is achieved. 

Inthis charger the current sense comparator is used to reg- 
ulate the holding current. The level of holding current is 
determined by the sensing resistor, Rs. The other series 


LOAD SwiTcH 
RELAY 


FIGURE 9. Using the enable comparator to monitor the battery voltage a precise discharge cut-off voltage can be set. 
When the battery reaches the cut-off threshold the trickle bial output switches off the load switch selay and the battery is 


teft open circuited until input power is returned. 
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resistor, Re, is necessary for the current sense comparator 
to regulate the holding current. Its value is selected. by 
dividing the value of I into the minimum input to output 
differential that is expected between the battery and the 
input supply. If the supply variation is very large, or the 
holding current large, (> 25mA), then an external buffering 
element may be required at the output of the current sense 
comparator. 


The operating supply voltage into the UC3906 should be 
kept less than 45V. However, the IC can be adapted to 
charge a battery string of greater than 45V. To charge a 
large series string of cells with the dual step current 
charger the ground pin on the UC3906 can be referenced 
to a tap point on the battery string as shown in figure 11. 
Since.the charger is regulating current into the batteries, 
the cells will all receive equal charge. The only offset results 
from the bias current of the UC3906 and the divider string 
current adding to the current charging the battery. cells 
below the tap point. Ra can be added to subtract the bulk 
of this current improving the ability of the charger to control 
the low level currents. The voltage trip points using this 
technique will be based on the sum of the cell voltages on 
the high side of the tap. 


STATE LOGIC 
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PICKING A PASS ELEMENT AND 
COMPENSATING THE CHARGER 


There are four factors to consider when choosing a pass 
device. These are: 


1. The pass device must have sufficient current and power 
handling capability to accommodate the desired maxi- 
mum charging rate at the maximum input to output 
differential. 


2. The device must have a high enough current gain at the 
maximum charge rate to keep the drive current required 
to less than 25mA. 


3. The type of device used, (PNP. NPN, or FET), and its 
configuration, may be dictated by the minimum input to 
output differential at which the charger must operate. 


4. The open loop gain of both the voltage and the current 
control loops are dependent on the pass element and its 
configuration. 


Figure 12 contains a number of possible driver configura- 
tions with some rough break points on applicable current 
ranges as well as the resulting minimum input to output dif- 
ferentials. Also included in this figure are equations for the 
dissipation that results on the UC3906 die, equations for a 
resistor, Rp, that can be added to minimize this dissipa- 
tion, and expressions for the open loop gains of both the 
voltage and current loops. 


IMAX + IH 
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CHARGER OUTPUT VOLTAGE 
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STATE 2: HOLDING CHARGE 
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FIGURE 10. A dual step current charger has some advantages when large series strings must be charged. This type of charger maintains constant current during 


normal charging that results in equal charge distribution among battery cells. 
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’ As reflected in the gain expressions in figure 12, the open 
loop voltage gains of both the voltage and current control 
loops are dependent on the impedance, Zc at the com- 
pensation pin. Both loops can be stabilized by adjusting 
the value of this impedance. Using the expressions given, 
one can go through a detailed analysis of the loops to pre- 
dict respective gain and phase margins. In doing so one 
Must not forget to account for all the poles in the open loop 
expressions. In the common emitter driver examples, 1 
and 3, the equivalent load impedance at the output of the 
charger directly affects loop characteristics. In addition, a 
pole, or poles, will be added to the loop response due to 
the roll-off of the pass device's current gain, Beta. This 
effect will occur at approximately the rated unity gain fre- 
quency of the device divided by its low frequency current 
gain. The transconductance terms for the voltage and cur- 
rent limit amplifiers, (14.3K and 1/300 respectively), will 
start to roll off at about SOOKHZ. Asa rule of thumb, itis wise 
to kill the loop gain well below the point that any of these, 
not-so-predictable poles, enter the picture. 


If you prefer not to gothrough a BODE analysis of the loops 
to pick a compensation value, and you recognize the fact 
that battery chargers do not require anything close to opti- 
mum dynamic response, then loop stability can be as- 
sured by simply oversizing the value of the capacitor used 
at the compensation pin. In some cases it may be neces- 
sary to add a resistor in series with the compensation 
capacitor to put a zero in the response. Typical values for 
the compensation capacitor will range from 1000pF to 
0.22uF depending on the pass device and its configura- 
tion. With composite common emitter configurations, such 
as example 3 in figure 12, compensation values closer to 


COMMON EMITTER PNP 
+ wt 


25mA <I <1000mA 


Viw-@7V—Vour 7! Rp 


Pp ~ out 


Bai Ba 
aw VINMIN — VOUT MAX — 1.2V 
oe 


*Zc = IMPEDANCE AT COMPENSATION PIN, PIN 14. 
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FIGURE 11. A dual step current charger can be configured to operate with 
input supplies of greater than 45V by using a tap on the battery to reference 
the UC3906. The charger uses the voltage across the upper portion of the 
battery to sense charging transition points. To minimize charging current 
Offsets, Rg can be added to cancel the UC3906 bias and divider currents. 


the 0.22yF value will be required to roll off the large open 
loop gain that results from the Beta squared term in the 
gain expression. Series resistance should be less than 1K, 
and may range as low as 100 ohms and still be effective. 


The power dissipated by the UC3906 requires attention 


since the thermal resistance, (100°C/Watt) of the DIP 
package can result in significant differences in tempera- 
ture between the UC3906 die and the surrounding air, 
(battery), temperature. Different driver/pass element con- 
figurations result in varying amounts of dissipation at the 
UC3906. The dissipation can be reduced by adding exter- 
nal dropping resistors in series with the UC3906 driver, 


UC3906 DRIVER 


Pp~ Vin=O7V . 1 _ 1?Ap 
Ba Boz Bq Bon Bar 


Pp ~ Min - 0.7V - Vout 


Vin Min ~ 0.7V 


Rip » MINMIN=O7V 6 sain Bao main Ap ~ VINMIN = VouT max - 1.27 
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Aov 26 » VREF 
13K Vout 


c.g eo gap eZ 0 VREF. 
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7o 1 gare pore 
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= IMPEDANCE AT CHARGER OUTPUT. 


FIGURE 12. There are a large number of possible driver/pass element configurations, a few are summarized here. The trade-offs are between current gain, input to output 
differential, and in some cases, power dissipation on the UC3906. When dissipation is a problem it can be reduced by adding a resistor in series with the UC3906 driver. 
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(see figure 12). These resistors will then share the power 
with the die. The charger parameters most affected by in- 
creased driver dissipation are the transition thresholds, 
(V42 and Va), since the charger is, by design, supplying its 
maximum currentat these points. The current levels will not 
be affected since the input offset voltages on the current 
amplifier and sense comparator have very little tempera- 
ture dependence. Also, the stand-by float level on the 
charger will still track ambient temperature accurately 
since, normally, very little current is required of the charger 
during this condition. 


‘ To estimate the effects of dissipation on the charger’s vol- 
tage levels, calculate the power dissipated by the IC at any 
given point, multiply this value by the thermal resistance of 
the package, and then multiply this product by -3.9mV/°C 
and the proper external divider ratio. In most cases, the 
effect can be ignored, while in others the charger design 
must be tweaked to account for die dissipation by adjust- 
ing charger parameters at critical points of the charge 
cycle. 


SOME RESULTS WITH THE 
DUAL LEVEL FLOAT CHARGER 


In figure 13 the schematic is shown for a dual level, float 
charger designed for use with a 6V, 2.5amp-hour, sealed 
lead-acid battery. The specifications, at 25°C, for this 
charger are listed below. 


TIP 328 
INPUT g 
SUPPLY 
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Input supply voltage ............ 9.0V to 18V 
Operating temperature range ..... 0°C to 70°C 
Start-up.-trickle current (It) ........ 10mA (Vin = 10V) 
Start-up voltage (V1) ............ 5.1V 
Bulk charge rate (Imax) .........- 500mA (C/5) 
Bulk to OC transition voltage (Vi2) . . 7.125V 
OC voltage (Voc) ...-....6.0-5: 75V 
OC terminate current (loct) ....... 50mA (C/50) 
Float voltage (Vr) .......--..-.: 70V 
Float to Bulk transition ; 

voltage (Vai) .. 6.02. ee eee 63V 
Temperature coefficient on 

voltage levels ............... -12mVv/°C 


Reverse current at charger output 
with the input supply at 0.OV ....<5pA 


In order to achieve the low input to output differential, 
(1.5V), the charger was designed with a PNP pass device 
that can operate in its saturation region under tow input 
supply conditions. The series diode, required to meet the 
reverse current specification, accounts for 1.0V of the 1.5V 
minimum differential, Keeping the reverse current under 
5yA also requires the divider string to be disconnected 
when input power is removed. This is accomplished, as 
discussed earlier, by using the input power indicate pin to 
reference the divider string. 


© BATTERY+ 
(6v) 


qe 


FULLY CHARGED 
INDICATOR 


FIGURE 13. This dual level float charger was designed far a 6V (three 2V cells) 2.5AH battery. A separate “fully 
~ charged” indicator was added for visual indication of charge completion. 
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FIGURE 14, The nearly ideal characteristics of the dual level float charger are 
illustrated in these curves. The over-charge state is entered at about 80% return 
of capacity and float charging begins at just over 100% return. 
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FIGURE 15. At elevated temperatures the maximum capacity of lead-acid 
Cells is increased allowing greater charge acceptance. To prevent excessive 
over-charging though, the charging voltage levels are reduced. 
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FIGURE 16. At lower temperatures the capacity of lead-acid cells is reduced as 
reflected by the less-than-100% return of capacity in this O°C charge cycle, illus- 
trating the need for elevated charging voltages to maximize returned capacity. 
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The driver on the UC3906 shunts the drive current from the 
pass device to ground. The 4700hm resistor added 
between PIN 15 and ground keeps the die dissipation to 
less than 100mW under worst case conditions, assuming 
a minimum forward current gain in the pass element of 35 
at 500mA. 


The charger in figure 13 includes a circuit to detect full 
charge and gives a visual indication of charge completion 
with an LED. This circuit turns on the LED when the battery 
enters the float state. Entering of the float state is detected 
by sensing when the state level output turns-off. 


Figures 14-16 are plots of charge cycles of the circuit at 
three temperatures, 25°C, 50°C and 0°C. The plots show 
battery voltage, charge rate, and percent return of pre- 
viously discharged capacity. This last parameter is the inte- 
gral of the charge current over the time of the charge cycle, 
divided by the total charge volume removed since the last 
full charge. For all of these curves the previous discharge. 
was an 80% discharge, (2amp-hours), at a C/10, (250mA), 
rate. The discharges were preceded by an -over-night 
charge at 25°C. ” 


The less than 100% return of capacity evident insthe 
charge cycle at 0°C is the result of the battery's reduced 
capacity at this temperature. The tapering of the charge 
current in the over-charge state stilt indicates that the cells 
are being returned to a full state of charge. 
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chargeable battery Application Manual. 
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UC3620 


‘BRUSHLESS DC MOTORS GET A CONTROLLER IC 
THAT REPLACES COMPLEX CIRCUITS 


A COMMUTATOR AND DRIVER CHIP, COMPLETE WITH 
THERMAL AND UNDER-VOLTAGE PROTECTION AND 
TRANSIENT SUPPRESSION, RADICALLY SIMPLIFIES 
THE CONTROL OF BRUSHLESS DC MOTORS 


INTRODUCTION 


The popularity of the three-phase, brushless DC motor is 
on the rise for a number of good reasons: There are no 
brushes to wear out or to arc over, heat dissipation is better 
because the windings are on the stator, and good torque 
control is‘beth possible and relatively easy to achieve with 
the availability of electronic circuits. The motor’s main 
drawback has been the need to design and assemble a 
complex circuit consisting of six output power transistors 
with transient suppression diodes, a switching current con- 
trol circuit, and a Hall logic decoder, plus loop control and 
protection circuitry. 


The advent of the UC3620 controller chip greatly simplifies 
the designer’s problem, for it integrates-all these elements. 
This chip easily and safely controls motors requiring up to 
2A of continuous current, and has a peak rating of 3A. The 
device has a maximum Vee rating of 40V and is available in 
a 15-pin package rated at 25W. Only a half dozen external 
components are needed to get a motor running. 


A three-phase brushless DC motor has two, four, or more 
permanent magnet poles mounted on its rotor. The 
required rotating field is produced by the stator’s stationary 
windings, whose three phases must be commutated in the 
proper sequence. This sequence is governed by the rotor’s 
angular position, and consequently, some means must be 
provided both to sense this position and to use that informa- 
tion to control the commutation sequence. 


The sensing is accomplished by three Hall-effect devices 
mounted on the stator close to the rotor magnets, at the 
correct rotational angles. An electronic circuit decodes the 
Hall device signals and controls the direction of the 
currents applied to the three motor phases. This power 
switching is done by power transistors. 


Another function must be added to the driving electronics, 
namely, that of controlling the motor current and 
maintaining it at the correct value. At high speed, the 
electric motor’s back emf limits the phase currents. But at 
low speeds, the back emf is low (it is zero at stall), and 
therefore if the current is to be kept constant, the applied 


voltage must be reduced. This is done by sensing the 
motor current and using its value to regulate the duty cycle 
of the applied voltage, thereby controlling the average 
motor voltage. In this way, a constant-current source of 
motor power is obtained. 


HOW IT WORKS 


In the controller chip, each of the three output stages is a 
totem-pole pair (Figure 1) capable of sourcing and sinking 
the motor’s full rated current. Inductive transients from the 
load are clamped to Vcc by Schottky diodes and to ground 
by the intrinsic substrate diodes, thus obviating the need for 
external clamping devices. 


The power output stages have two functions. The first is to 

commutate the three motor phases in the proper se- 

quence, producing unidirectional torque in the rotor. The 

second is to switch the applied motor voltage in the manner 

selected and programmed by the user, maintaining the 

output current at the desired level. This switching control of 

current is accomplished in a fixed-off-time, two-quadrant 

mode, providing the automatic peak current limiting and” 
low ripple current essential to high electrical efficiency at 

the motor windings. 


The emitters of the three bottom transistors of the totem- 
pole output stages are connected to Pin 1, through which 
all the motor current flows. If a low-value resistor is placed 
between this pin and ground, a usable voltage proportional 
to motor current is derived without appreciable I7R losses. 


This current-sensing voltage serves as a feedback signal 
for the switching current control loop. It is applied to the 
Isense input through an RC filter, which prevents false trig- 
gering due to noise spikes in the current waveform. 


An internal voltage comparator determines whether the 
voltage Vi sense 1S equal to Vrer, a positive variable refer- 


- ence voltage dependent on the output of the chip's error 
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amplifier. If Q of the monostable-multivibrator (that follows 
the comparator) is high, the chip’s output.stages are 
enabled, the output current increases, and V; sense also 
increases until it becomes positive with respect to Vrer. 
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At this point the comparator resets the monostable, forcing 
Q low and disabling the output stages. The motor current 
now circulates through one of the Schottky diodes and the 
conducting upper transistor because of the stored induc- 
tive energy, until the monostable off-time has elapsed (Fig- 
ure 2). Q then returns to the high state and the cycle is 
repeated. 


The switching off-time is fixed, since it is determined by the 
user’s choice of timing components Rr and Cr. At the start 
of the off-time, capacitor Cr is charged to +5V, and the 
monostable outputs are held in the off state until this volt- 
age decays exponentially to a level of 2V. Since resistor Rr 
supplies the only path for the discharging current, it is 
possible to calculate the time required, torr, in seconds: 


are (72) -2 
RrCr 5 


or: 


Veco TO 40V 
O 


eeoeeeeeeen eee ee Om 


STEADY 


FROM 
GATING 
CIRCUIT 


TO Isense 
INPUT 


ttorr 
—_ OFF =-0.91 
RiCr In (2/5) = -0.916 
torr = 0.916R1Cr 


When the 2 volt level is reached, the monostable is set 
again, and the cycle repeats. 


The reference voltage, Vrer, then, is the controlling voltage 
of what is in effect a transconductance amplifier of which 
the controlled output is the motor current through resistor 
Rs. To repeat, the circuit controls the peak value of the 
current. If the switching frequency is high (low current 


tipple), the assumption may be made that the average 


value of motor current, Im, is approximately equal to the 
peak, and so: = 


Veer = ImRs 

‘ Im dt 3 

Gr = = —— Siemens 
Veer Re : 


PHASE A 
PHASE C 
PHASE B 


FIGURE 2. WHEN Qg2!S ON, CURRENT FLOWS THROUGH Qa1 AND TWO MOTOR WINDINGS TO GROUND (DOTTED ARROWS). DURING THE TIME 
THAT Qp2 IS OFF, THE STORED ENERGY iN THE WINDING INDUCTANCE FLOWS THROUGH SCHOTTKY DIODE SDg, TRANSISTOR Qa1, AND BACK 


THROUGH THE WINDINGS (DASHED ARROWS). 
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The maximum value of Vaer is limited to 0.5V by a zener 
diode (Figure 1 again). This value sets a limit to the maxi- 
mum motor current as well, since: 


0.5 
Imax = —— 


Rs 


Consequently, the proper selection of Rs protects both the 
motor and the chip from excess current. 


amperes 


The motor is connected to the chip’s three outputs Aour, 
Bour, and Cour. The motor windings are Y-connected, and 
the driver energizes two phases at a time, the third one 
being off. Thus each driver Output will be in one of three 
States: high (Vcc), off (high impedance), or low (OV), gener- 
ating six possible combinations (Table 1 ). 


Table 1. Terminal Conditions for 
Different Driver Output States 
OUTPUT 


TERMINAL } TERMINAL | TERMINAL 
STATE A Cc 


B 
ABZ 
AZC 
ZBC 


L Asz_ | tow | 
| Azo | tow 
| 2Bc | Highz | 


SIX STATES 


In each of the six possible states, one of the upper transis- 
tors is on, together with one of the bottom transistors. In any 
of the states, it is the bottom transistor that controls switch- 
ing, while the upper device remains conducting. For exam- 
ple, in state ABZ, current flows continually through upper 
transistor Qai, but switches between lower transistor Qe 
and Schottky diode SDs (Figure 2 again). This, switching 
action results in low current rippte through the motor and is 
known as two-quadrant operation, in which the power 
supply current flows only in one direction, namely, into the 
driver (Figure 3). One advantage of this unidirectionality is 
that a shunt regulator is not necessary to prevent an over- 
voltage at the Vcc bus during motor deceleration, 


A more significant advantage is that it results in the least 
current ripple for a given switching rate. More precisely, the 
current waveform’'s form factor (the ratio of its rms to its 
average value) is closer to unity. Since the amount of I?R 
heating depends on the rms value of |, whereas torque 
depends on the average value, a form factor approaching 
unity results in greater motor efficiency. 


The current reference voltage Vrer at the inverting input of 
the chip’s comparator depends on the output voltage, Vour, 
of the error amplifier. The relationship between the two is: 
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Vour -1. ” 
Vrer = or eR 


The offset of 1V between Vour and the 5:1 voltage divider 
ensures that the error amplifier can always achieve zero 
Current at the motor. The amplifier itself has a high gain of 
80dB minimum, an f, of O.BMHz; and is internally compen- 
sated for stable operation. ; 


In a feedback speed control application, even with a reduc- 
tion in gain of 14dB due to the 5:1 resistive attenuator 
between the amplifier and the comparator, there is still a 
minimum DC gain of 66dB, which is more than adequate 
for most requirements. The same consideration applies to 
the 1V offset, which is overshadowed by the high-gain loop 
as well. 


MOTOR TRANSISTORS ON 
CURRENT/ 

VOLTAGE 

{PEAK 


CIRCULATING 
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FIGURE 3. THE CHIP'S SWITCHING, CIRCUIT CONTROLS MOTOR CUR- 
RENT ON A PULSE-BY-PULSE BASIS. WHEN THE BOTTOM TRANSISTOR 
OF AN OUTPUT STAGE IS ON, THE CURRENT AT FIRST RISES RAPIDLY 
AND THEN DECAYS SLOWLY AS IT CIRCULATES THROUGH THE TRAN- 
SISTOR'S ASSOCIATED DIODE. THE FORM FACTOR OF THE WAVEFORM 
IS THEREFORE CLOSE TO UNITY, SO THAT HEATING OF THE COILS IS 
REDUCED. 


The chip also includes two protection circuits to help make 

it more reliable. The under-voltage lockout prevents the 
Output stages from being energized unless the supply volt- 
age can provide sufficient base current to the drive transis-. 
tors. The maximum Veg start-up threshold is set at 8V and 
has a built-in hysteresis of 0.5V. 


A thermal shutdown circuit affords protection against 
excessive junction temperatures. This circuit disables the 
drive transistors when the chip's temperature is between 
150°C and 180°C. When the temperature returns to a safe 
value, normal operation is automatically restored. 


When the power source for a motor is DC, a commutator is 
needed to, in a sense, alternate the power applied to the 
windings. A brushless DC motor uses an external power 
commutator. As a rule, however, the motor has an elec- 
tronic device internal to it that generates information rela- 
tive to angular position for use in controlling the 
commutator. 
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CONTROLLING BRUSHLESS MOTORS 
TO 2A 


The control. chip was designed to drive any three-phase 
brushless DC motor of up to 2A andis particularly suited for 
motors with integral Hall-effect devices. Ha, Hp, and He 
(Figure 1 again) are TTL-compatible inputs that, together 
with the Forward-Reverse input (FWD/REV), determine the 
output states (Table 2). 


The commutation logic built into the UC3620 is intended 
for use with motors with 120 electrical degree Hall codes. 
Motors that use the alternative 60 electrical degree 
code can be easily accomodated with the addition of 
an inverter to reverse polarity of one of the Hall signals. 


When used as described, the device operates in a current 
feedback mode and acts as a current controller, or rather 
as a transconductance amplifier. This closed-loop circuit 
can be made part of another feedback loop to control the 
motor speed. Controlled speed’ loops are of interest in 
many applications, some of which require a very high 
degree of control accuracy. For example, a crystal- 
referenced phase-locked loop is needed to control the 
spindle speed of magnetic disk drives. 


FORWARD/ 
REVERSE 
LINE 


Note: A change of state in the Forward/Reverse line inverts the output states, 
thus reversing the direction. 
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NEW PULSE WIDTH MODULATOR CHIP 
CONTROLS 1 MHz SWITCHERS 


ABSTRACT 


Controversy prevails as to the benefits of pushing switched mode pulse width modulated power supplies higher and 
higher in frequency. Two facts are undisputed though: the industry is pushing switching frequencies up daily and no 
PWM control IC has been available to optimally control circuits running above several hundred kilohertz. AnewlC, the 


UC3825, has been developed with the top end of the PWM 


frequency spectrum in mind to simplify high speed control 


problems. This chip, suitable toeither voltage or current mode control, addresses the speed critical parameters that have 
been glossed over in the past: error amp bandwidth, output drive capability, oscillator frequency range, and Propagation 
delay. A one megahertz, 50 watt supply has been built to demonstrate the chip. 


PWM CONTROLLER REVIEW 


Briefly reviewing popular control IC’s on the market 
today should serve to illustrate one source of the headaches 
belonging to designers of high frequency switching 
power supplies. The snaggle-toothed appearance of the 
table illustrates the fact that high speed parameters 
have generally been ignored. The entries in this table 
represent the tried and true first and second generation 
standbys (1524, 1525, 494), dedicated off line control 
(1840), and current mode (1846). All these architec- 
tural approaches have certainly proven sufficient for 
numerous converter designs, but all lack the processing 
speed required to keep track of a 1 MHz switcher, or 
even 200 kHz for that matter. Many gpecifications in 
the table are missing completely, some are only typical, 
and the few guaranteed limits leave much room for 
improvement. 


Of prime importance here is the delay time between 
fault detection and turning off the power switch - the 
speed critical path. When a fault occurs, either the on 
chip over-current sense section or an off chip fault 
detector plus the shutdown section of the chip must, 


SPEED COMPARISON OF PWM CONTROLLER IC’S 


OVER-CURRENT 
SENSE DELAY 


(ns) 


work fast enough to turn off the power switch before de- 
structive current levels introduce an automatic (and 
permanent) power down feature to the supply. This fea- 
ture, of course, is manifested in blown power devices. 
The problem is aggravated at the onset of core satura- 
tion, since switch currents then rise at much faster 
rates. 


Also important is the drive capability of the output 
stage of the control chip chosen. Rise and fall times 
must be consistent with switching speeds or else an out- 
put buffer will have to be added. This, of course, adds 
delay tothe speed critical path placing tighter demands 
on the delays through the chip or forcing the designer to 
over-specify the power elements to insure fault sur- 
vival. Over-specifying, however, adds cost, weight and 
volume as transistors, heat-sinks, and transformers are 
beefed-up. These consequences are in direct opposition 
tothe very motives for going to higher frequencies in the 
fitst place - reduced volume and lower cost. 

On-chip error amplifiers have also been a design 
obstacle in the past. Why build a high frequency switcher 
and then over compensate the loop due to lack of error 
amp bandwidth? Designers have been forced to conser- 


ERROR AMP 
BANDWIDTH 


ERROR AMP OUTPUT 
SLEW RATE |RISE/FALL TIME 
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vatively use the bandwidth available simply due to a 
lack of guaranteed specifications in many cases. Also, 
some characteristics which would prove useful haven’t 
been specified at all. Slew rate is such a specification . - 
that has great bearing on the large signal response of the 
supply. 

By comparison, the 3825 specifically addresses the 
speed critical parameters. Maximum propagation delays 
of 80 ns nearly belong in the “order of magnitude” 
improvement catagory. Slicing delays yielded a hefty 
output stage capable of 1.5 Amp peak currents. The 
guaranteed rise time is, in fact, more a function of inter- 
nal slew rates than external loading in the 1000 pF 
range. The error amp guaranteed to 3 MHz and 6 Vijus 
promises ease of use when controlling wide-band loops. 


UC3825 BLOCK DIAGRAM 

The design philosophy for the 3825 was to build a 
chip faster than any other available and tailor it to fit 
neatly into high frequency converter designs. It in- 
cludes a dual totem-pole output stage capable of driving 
most power mosfet gates stand-alone, and the.ver- 
satility to be useful for DC to DC, off-line, bridge, 
flyback, push-pull, and even resonant mode converter 
topologies. The member of a family covering the con- 
ventional temperature ranges, the UC3825 is specified 
for zero to 70 degrees centigrade while the UC2825 
spans —25 to 85, and the UC1825, —55 to 125. 

The block diagram of the 3825 (figure 1) is architec- 


CLOCK [4] 
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turally similar in many respects to a number of previous 
PWM controllers. It includes an oscillator, under- 
voltage-lock-out circuit, trimmed bandgap voltage 
reference, wideband error amplifier, PWM comparator 
PWM latch, toggle flip-flop, soft start section, com- 
parators for over-current sensing and reinitializing soft 
start, and dual totem-pole outputs. The input to the 
PWM comparator is brought out to a separate pin so 
that it can be connected either to the timing capacitor 
for conventional PWM designs or a current sensing net- 
work for current mode control schemes. 


In normal operation, the oscillator establishes a 
fixed clock frequency issuing ‘blanking pulses to ter- 
minate one period and begin.the next. These pulses 
serve to reset the PWM comparator while blanking the 
outputs off. After the blanking pulse, one output turns 
on until the ramp input (level shifted 1.25 Volts) exceeds 
the error amp output voltage. This sets the PWM latch 
which turns the output off and triggers the toggle flip- 
flop, selecting the other output for the next period. 


THE SPEED CRITICAL PATH 

The blocks that set the 3825 aside as the controller 
best suited for frequencies over several hundred kilohertz 
are those in the speed critical path (high-lighted blocks 
in figure 1.): the PWM comparator and current limit 
comparator in: the front end; the PWM latch and 
associated internal logic; and the ouput stage. Signal 


FIGURE 1. UC3825 BLOCK DIAGRAM. BOLDFACE INDICATES SPEED 
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propagation through these subcircuits makes or breaks 
a design during a fault condition. In the 3825, the pro- 
pagation delay from either the Ramp input or the 
Current-limit sense input to the output pinsis typically 
50ns, very much faster than any chip available today. 


Comparators 


The PWM comparator is basically an npn differen- 
tial pair with an emitter follower output (figure 2a). 
The pair is biased so that the output swing is one Vbe. 
This guarantees none of the transistors in the com- 
parator will saturate while providing output voltage 
levels compatible with the internal logic. In order to 
assure that the input common mode range of the com- 
parator is not exceeded (the range of an npn input pair 
cannot go below approximately one Volt), a 1.25 Volt 
level shift is included between the non-inverting input 
of the comparator and the input pin of the chip. This 
allows the ramp input to swing from zero to approx- 
imately three Volts. The inverting input is tied directly 
to the output of the error amplifier. 


The benefit of this approach is ease of use both in 
current mode and conventional PWM applications. For 
the older PWM circuit approach, the ramp input pin 
can be tied directly to the oscillator Ct pin while current 
mode users can simply tie a ground referenced current 
sense network directly to the Ramp pin. 


The current limit comparator is very similar in design 
to the PWM comparator. Its inverting input is referenced 
internally to a one Volt level derived from the 5.1 Volt 
reference allowing the non-inverting input to be brought 
directly to the current limit pin. Functionaily, when a 


Vrer =5.1V 
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fault causes the Current-limit pin to exceed one Volt, it 
acts just like the PWM comparator, setting the PWM 
latch and causing the outputs to remain off for the dura- 
tion of the clock cycle. 


The current-limit comparator can also be combined 
with the 3825 outputs and a few external components to 
form a constant volt-second product clamp (figuze 2b). 
This clamp is useful in current mode systems to prevent 
core saturation during load transients. When either 
output turns on (goes high), capacitor, C, is charged 
from Vin through resistor, R. Normal circuit operation 
would turn off the outputs. causing C to be discharged 
before it reaches one Volt. If, however, it does reach one 
Volt, the current-limit comparator terminates the out- 
put pulse. Since the charge rate is proportional to Vin 
(assuming Vin is much greater than one Volt), then a 
constant Volt-second product clamp of one Volt times 
RC is achieved. 


Logic 

All of the speed critical logic, including the PWM 
latch, the toggle flip-flop, and various gates are a cross 
between emitter coupled logic and emitter function 
logic. In either case; their speed relies on emitter 
coupled pairs and emitter follower buffers biased to 
insure that no transistor saturates. Although two OR’s, 
a NOR and the PWM latch are directly in the critical 
path between the input comparators and the output 
drivers, they account for only twenty percent of the 
total delay, the remainder being shared between the 
comparators and the output stage. 


COMPARATOR 
OUTPUT 


TO ERROR 
- AMP OUTPUT 


FIGURE 2a. PWM COMPARATOR SCHEMATIC. 
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OUTPUT 
A 


OUTPUT 


MAXIMUM VOLT — SECOND PRODUCT = RC X 1V 


FIGURE 2b. CONSTANT VOLT-SECOND PRODUCT CLAMP IMPLEMENTED USING THE CURRENT LIMIT COMPARATOR. 


Outputs 


Speed from one pin to another does little or no good 
unless the signal coming out of the chip has the strength 
to doits job. The dual totem-pole drivers of the 3825 are 
capable of driving 1000 picofarads from one rail to the 
other in a mere 30 nanoseconds. In fact the peak current 
avilable is in excess of 1.5 Amps. This kind of brute 
strength is sufficient for driving a wide range of power 
mosfet’s in a variety of applications. 


Some older PWM controllers with totem-pole out- 
put stages are plagued with hefty amounts of cross con- 
ducted charge during output transitions. This can 
result in major self heating problems especially at 
higher clock rates. The 3825 output stage (figure 3a) has 
been modeled after the successful designs of the UC3846 
and UC3842. The differences are in bias values and the 
addition of Schottky diodes. This circuit guarantees 
the output transistors, Q1 and Q2, are driven with com- 
plementary signals to keep cross conducted charge 
under control. This approach necessarily involves a 
compromise since speed is of the utmost concern. 
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Delays could be inserted to guarantee zero cross con- 
ducted charge, but that would be contrary to the re- 
quired propagation delays for high speed operation. 
The outputs have been adjusted to yield these rise and 
fall times at a penalty of only 20 nanocoulombs of cross 
conducted charge per transition. At aclock frequency of 
500 kHz, this only adds an additional 10 mA to the sup- 
ply current: 


Rather than dwell on cross conducted charge, which 
is measured with no load on the outputs, it is more 
appropriate to examine the performance with typical 
loads. The most anticipated load is a power mosfet. The 
impedence presented by the gate of the fet is applica- 
tion dependent, but is primarily capacitive. Therefore, 
consider the requirements of driving a capacitor with a 
square wave voltage. The charge required for one cycle 
is equal to the capacitance times the voltage. The 
average current taken from the supply is that charge 
times the switching frequency. This determines the 
power required from the supply to drive the cap. Since 
the cap is an energy storage element, all the power 
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FIGURE 3a. OUTPUT STAGE SIMPLIFIED SCHEMATIC. 


taken from the supply is dissipated by the chip. An 
efficiency figure for the chip can be defined as the ratio 
of the theoretical power dissipation to the actual power 
dissipated by the chip. This can be determined for a 
given frequency and supply voltage by measuring the 
average supply current into the Vc pin (assuming the 
peak output voltage is approximately equal to the sup- 
ply voltage). The figure of efficiency, then, is: (CVf)/Ic. 
The graph of figure 3b shows the 3825 optimized to drive 
capacitances above 200pF’. Careshould always be taken 
when driving high capacitive loads to make sure the 
maximum power dissipation level of the chip is not 
exceeded. 


; FIGURE 3b 
EFFICIENCY = a (%) 
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Another side effect of the output stage should be con- 
sidered. Any node in a circuit capable of driving large 
capacitances at these rates begins quickly to resemble 
an LC tank. Transmission lines, even one inch in 
length, can become troublesome. The trouble occurs 
when, on the falling edge at an output, the load rings 
and actually pulls the output pin below ground. For 
years IC manufacturers have been warning users not to 
allow certain pins to go below ground and the 3825 out- 
put pins carry the same warning. The collector of the 
pull down transistor becomes a parasitic npn emitter 
when pulled below the chip’s substrate, which is grounded 
(figure 4). The collector, or collectors as the case is, are 
every other npn collector and pnp base on the chip. The 
ones that are closer to the parasitic emitter collect pro- 
portionally more current than ones further away. Physi- 
cal size of the parasitic collectors also plays a similar 
role. The results of this phenomenon can range from 
nonobservable to severe. Resembling leakage current 
internally, reference voltages can be altered, oscillator 
frequency can jitter, or chip temperature can be ele- 
vated. Dummy collectors tied to ground are inserted 
into the 3825 chip which help to attenuate this problem 
but the designer still needs to be aware of it. The pro- 
blem’s potential is not a horror story, though, Among 
the easiest of solutions is some form of damping in the 
load circuit (for example ten ohms series resistance) 
and a good high speed diode, Schottky if possible, to 
clamp the output pin’s negative going excursion. 


se. 


APPLICATION NOTE 


P SUBSTRATE 


U-107 


i PARASITIC LATERAL NPN 


ee ee tl 
TYPICAL PNP 


Came 
TYPICAL NPN 


en mmene _aetl 


OUTPUT NPN 


FIGURE 4. PARASITIC NPN TURNS ON WHEN SUBSTRATE - EPI JUNCTION IS FORWARD BIASED. 


‘HIGH SPEED 
‘COMPLEMENTARY BLOCKS 


An integrated circuit controller with delays of 50ns 
through its speed critical path is certainly a leading 
candidate for high frequency switcher applications. 
There are a few blocks just off the race path that need 
also to be fast in order to fully qualify the chip for such 
applications. The oscillator and error amplifier are two 
such blocks. 


Oscillator 


From the users point of view, the oscillator looks 

. identical to many that have gone before it (figure 5a). 
Composed of an all npn comparator, this oscillator has 
dual thresholds - the upper at 2.8 Volts and the lower at 

~ one Volt. Charging current for the timing capacitor, Ct, 
is mirrored from the timing resistor, Rt. The Rt pin is 
held at a temperature stable 3 Volts. Temperature 
stability of the oscillator, then, is achieved by main- 
taining stable thresholds at the comparator. When Ct 
has charged to the upper threshold, Q3 turns on to sink 
acontrolled current of approximately 10 mA. The effect 
of this action is that the discharge of Ct is done in an 
orderly manner allowing the comparator to reliably 
catch it when crossing the lower threshold. This also 

_ prevents Q3 from saturating, reducing delays in the 
oscillator and enabling it to operate at higher frequen- 
cies. The 3825 oscillator is nominally specified at 400kHz 
with an initial guaranteed accuracy of 10%. Tempera- 
ture stability is typically better than 5% while voltage 
stability (frequency shift over supply voltage) is 0.2%. 


Oscillator dead time, which effects controller dynamic 
range, can typically be held to 100ns at 1MHz, ‘allowing 


90% duty cycles. 
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In applications where two 3825’s are used in close 
proximity and ‘synchronization is desired (figure 5b), 
the oscillator in one chip can be disabled by tying Rt to 
the reference Voltage. That chip, then, must be clocked 
by joining the clock pins of both chips. Multiple 3825’s 
also can be synchronized from a master 3825 or other 
external sync signal. The slave chips are programmed 
to run at a frequency somewhat lower than the master 
chip. The master then inserts a sync pulse forcing each 
slave’s Ct over the top threshold and causing discharge 
action to occur. This way, each chip generates its own 
clock pulses synchronized to a master clock. 


Error Amplifier 


The 3825 error amplifier is a voltage gain amp with 
premium bandwidth and slew rate. Again using only 
npn’s in the signal path, a compensated unity gain 
bandwidth of 5.5 MHz is achieved. The simplified 
schematic (figure 6) shows the signal path of the ampli- 
fier. Note that while the compensation scheme is not 
extremely complex or brand new in nature, neither is it 
the simple dominant pole approach. Included are two 
zeros located beyond the unity gain frequency to en- 
hance phase margin. One is created by a capacitor 
across the emitter degeneration resistors in the first 
stage and the second is formed by a resistor in series 
with the dominant pole capacitor. 
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FIGURE 5. OSCILLATOR SIMPLIFIED SCHEMATIC (a) AND TWO SYNCHRONIZATION METHODS (b). 
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FIGURE 6, SIMPLIFIED SCHEMATIC OF WIDE BAND ERROR AMPLIFIER SHOWING SOFT START CLAMP SCHEME. 


By degenerating Gm, the emitter resistors allow an 
increased first stage bias current level. This contributes 
to a 12 V/us typical slew rate. High slew rate, while 
desirable for good large signal transient response, is not 
enough to guarantee minimal response time. Often an 
amplifier may have high slew rates yet exhibit long 
delay times coming out of saturation when it has been 
driven to a rail. To defeat this problem, all critical 
nodes within the amp have been Schottky clamped. 


GLUE BLOCKS 


The remaining blocks, while not speed critical, mold 
the 3825 into a more complete PWM controller. The 
reference, a time proven design, is trimmed to guaran- 
tee 5.1 Volts at better than one percent tolerance. This 
voltage is then held over conditions of line, load, and 
temperature changes to a two percent total spread. 

Soft-start is very simply implemented by a pnp 
clamp transistor merged into the output stage of the 
error amp (figure 6). During soft start, while the 9 uA 
current source is charging the external capacitance on 
pin 8, Q4 actively forces pin 3 to follow pin 8. In this 
manner a controlled slow start can be achieved for 
either voltage or current mode systems. When the error 
amp comes into regulation, Q4’s emitter-base junction 
is reverse biased and offers no further interference to the 
normal operation of the amp. 
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In addition to slow starts, the soft-start pin can be 
used to other ends. Clamping the maximum voltage 
this pin is allowed to rise to will then effectively clamp 
the maximum swing of the error amplifier. In a conven- 
tional PWM scheme this results in a duty cycle clamp 
while in a current mode application, it establishes the 
maximum peak current level. 


Fault conditions are sensed by the 3825 at pin 9 
which is shared by the inputs of the current limit com- 
parator and the shut down comparator. When this pin 
exceeds one Volt, the current limit comparator sets the 
PWM latch, terminating the output for the remainder 
of that cycle. As with normal operation, setting the 
PWM latch causes the toggle flip-flop to switch states. 
If the pin is further raised to exceed 1.4 Volts, the shut- 
down comparator forces the soft-start pin to sink a 
guaranteed minimum of one milliampere rather than 
sourcing 9 microamperes. Thus the shut down com- 
parator causes the soft start capacitor to be discharged 
rapidly. After the fault signal is removed the 3825 will 
then execute a normal soft-start sequence. 


One method of combining current-limit and shut- 
down signals is shown in figure 7. Here, in a current 
mode control example, a current sense transformer is 
used to translate switch current to proper voltage analogs 
for optimal control at both the Ramp and Current-limit 
sense pins while the shut-down signal is inserted with a 
resistive summing technique. 
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FIGURE 7. CURRENT LIMIT SENSE AND SHUT DOWN SIGNALS ARE COMBINED AT PIN 9 IN THIS CURRENT MODE 
EXAMPLE. : . 


Starting the 3825 involves the Under-voltage lock- 
out portion of the chip. This block acts like a com- 
parator with it’s inverting input biased to 9 Volts and 
having 0.8 Volts of hysteresis. If Vcc is below the UVLO 
threshold, the reference generator and the internal bias 
are turned off, Keeping Icc at a typical 1.1 mA and the 
outputs in a high impedence state. When Vcc exceeds 
the UVLO threshold, the reference is turned on and the 
chip comes alive. Bedlam is avoided, however, as a 
second comparator monitors the reference voltage and 
inhibits the outputs until the reference is high enough 
to ensure intelligent operation. This inhibit signal also 
holds the soft start pin at a low voltage. After the 
reference is sufficiently high, the chip begins a soft 
start sequence. 


50 WATT DC-DC 
PUSH-PULL CONVERTER 

A 48 to 5 Volt, 50 Watt converter has been built as a 
test vehicle for the chip (U-110). Designed around a push 
pull, current mode controlled topology, the circuit runs 
from a 1.5 MHz clock. In the interest of simplicity, the 
ramp input and current limit pins were tied together 
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underutilizing the available dynamic range of the 
Ramp pin by a factor of 3. A ground plane, judicious 
bypass capacitors and tight layout technique yielded a 
circuit that could be easily interrogated without signifi- 
cant noise interference problems. 


In this simple application, the 3825 performs all the 
tasks required to regulate the 50 W power stage. The 
gate drive for the two power mosfets comes directly 
from the chip. Current loop slope compensation is resis- 
tively summed with the current sense signal at pin 7. 
Overall loop compensation is implemented with two 
resistors and a capacitor on the error amplifier. Taking 
advantage of the 1.5 MHz switching frequency and the 
wide bandwidth characteristics of the error amp, the 
control loop was compensated to zero dB at 300kHz. 


CONCLUSION 


Presenting an easy to use PWM architecture, the 
UC3825 possesses the necessary high speed characteris- 
tics to control switchers in the higher frequency ranges. 
This fills a void that has hindered high frequency 
applications in the past. A simple example running at 
1.5 MHz points to a future of faster switching supplies. 
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USING AN INTEGRATED CONTROLLER IN 
THE DESIGN OF MAG-AMP OUTPUT REGULATORS 


Robert A. Mammano, Unitrode IC Corp. 
Charles E. Mullett, Mullet Associates, Inc. 


Magnetic amplifier technology dates back considerably- 
further than transistors but its wide-spread use has been 
slow in developing. While many factors may have been 
responsible for this, at least one — the high cost of. 
tape-wound magnetic cores — has been alleviated with 
significant recent price reductions and the introduction 
of less expensive materials. And now, another one — the 
problems in designing effective control loops utilizing 
mag amps as voltage regulators — has fallen with the 
introduction of an IC dedicated to mag amp control — 
the UC1838. 


While there are many types of power supply applications 
where mag amps may effectively be used, one of the most 
popular current uses is as a secondary regulator in multiple 
output power supplies configured as shown in Figure 1. The 
problem with multiple outputs stems from the fact that the 
open-loop output impedance of each winding, rectifier, and 
filter is not zero. Thus, if one assumes that the overall feed- 
back loop holds the output of Vo, constant, then increasing 
the loading on V,, will cause the other outputs to rise as 
the primary circuit compensates; similarly; increasing the 
loading on any of the other outputs will cause that output 
to droop as the feedback is not sensing those outputs. While 
these problems are minimized by closing the feedback loop 
on the highest power output, they aren’t eliminated.and 
auxiliary, or secondary regulators are the usual solution. A 
side benefit of secondary regulators, particularly as higher 
frequencies reduce the transformer turns, is to compensate 
for the fact that practical turns ratio may not match the 
ratio of output voltages. Clearly, adding any form of regu- 
lator in series with an output adds additional complexity 
and power loss. Mag amps are a hands down winner in 
both areas. 


Figure !. A typical multiple output power supply 
architecture with overall control from one output. 


MAG AMP VOLTAGE REGULATORS 


Although called a magnetic amplifier, this application really 
uses an inductive element as a controlled switch. A mag amp 
is a coil of wire wound on a core with a relatively square 
B-H characteristic. This gives the coil two operating modes: 
when unsaturated, the core causes the coil to act as a high 
inductance capable of supporting a large voltage with little 
or no current flow. When the core saturates, the impedance 
of the coil drops to near zero, allowing current to flow with 
negligible voltage drop. Thus a mag amp comes the closest 
yet to a true ‘‘ideal switch’’ with significant benefits to 
switching regulators. 


Before discussing the details of mag amp design, there are 
a few overview statements to be made. First, this type of 
regulator is a pulse-width modulated down-switcher imple- 
mented with a magnetic switch rather than a transistor. It’s 
a member of the buck regulator family and requires an 
output LC filter to convert its PWM output to DC. Instead 
of DC for an input, however, a mag amp works right off the 
rectangular waveform from the secondary winding of the 
power transformer. Its action is to delay the leading edge of 
this power pulse until the remainder of the pulse width is 
just that required to maintain the correct output voltage 
level. Like all buck regulators, it can only subtract from the 
incoming waveform, or, in other words, it can only lower 
the output voltage from what it would be with the regulator 
bypassed. As a leading-edge modulator, a mag amp is 
particularly beneficial in current mode regulated power 
supplied as it insures that no matter how the individual 
output loading varies, the maximum peak current, as seen 
in the primary, always occurs as the pulse is terminated. 


MAG AMP OPERATION 


Figure 2 shows a simplified schematic of a mag amp 
regulator and the corresponding waveforms. For this 
example, we will assume that Ns is a secondary winding ' 
driven from a square wave such that it provides. a +10 volt 
waveform at v,. At time t = 0, v, switches negative. Since 
the mag amp, LI, had been saturated, it had been delivering 
+10V to v; prior tot = 0 (ignoring diode drops). If we 
assume v. = -6V, as defined by the control circuitry, when 
v, goes to -10V, the mag amp now has four volts across it 
and reset current from vc flows through Di and the mag 
amp for the 10 pS that v, is negative. This net four volts for 
10 »S drives the mag amp core out of saturation and resets it 
by an amount equal to 40V-zS. 
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0 10 14 2048 
Q@)= 4V x 10us = 40Vus 


10V 
@®= 10V x 4us = 40Vys v3 


Vo = Minton = 10Vx 648 =3VDC | —{ bus f- 
T 20 4s »——— 204s ———+} 


Figure 2. A simplified mag amp regulator and 
characteristic waveforms. 


When t = 10 uS and v, switches back to +10V, the mag 
amp now acts as an inductor and prevents current from 
flowing, holding v, at OV. This condition remains until the - 
voltage across the core — now 10 volts — drives the core 
back into saturation. The important fact is that this takes 
the same 40 volt-uS that was put into the core during reset. 


When the core saturates, its impedance drops to zero and v, 
is applied to v. delivering an output pulse but with the lead- 
ing edge delayed by 4 yS. 


Figure 3 shows the operation of the mag amp core as it 
switches from saturation (point 1) to reset (point 2) and 
back to saturation. The equations are given in cgs units as: 


N = mag amp coil turns 

Ae = core cross-section area, cm? 

fe = core magnetic path length, cm 
B_ = flux density, gauss 

H = magnetizing force, oersteads 


The significance of a mag amp is that reset is determined by 
the core and number of turns and not by the load current. 
Thus a few milliamps can control many amps and the total 
power losses as a regulator are equal to the sum of the con- 
trol energy, the core losses, and the winding I?R loss — each 


Vo = Vin ( = at) 
T 


— NAe AB x 10° 
VIN 

AHfe 

04_N 


aT 


Io = 


8 
Figure 3. Operating on the B-H curve of the magnetic core. 


Figure 4 shows how a mag amp interrelates in a two-output 
forward converter illustrating the contribution of each 
output to primary current. Also shown is the use of the 
UC1838 as the mag amp control element. 


Figure 4. Control waveforms for a typical two-output, 
secondary regulated, forward converter. 


THE UC1838 MAG AMP CONTROLLER 


While bringing no major breakthroughs in either integrated 
circuit or power supply technology, the UC1838 provides 

a low-cost, easy-to-use, single-chip solution to mag amp 
control. The block diagrams of this device, as shown in 
Figure 5, includes three basic functions: 

1. An independent, precise, 2.5V reference 

2. Two identical, high-gain operational amplifiers 

3. A high-voltage PNP reset current driver. 


12.13 1 


Figure 5. The block diagram of the UC1838 mag-amp 
control integrated circuit. 


The reference is a common band-gap design, internally trim- 

med to 1%, and capable of operating with a supply voltage 

of 4.5 to 40 volts. The two op amps are identical with a 

structure as shown simplified in Figure 6. These amplifiers 

have PNP inputs for a common mode input range down.to } 
slightly below ground and have class A outputs with a 1.5 
MA current sink pull down. The open loop voltage gain 
response, as shown in Figure 7, has a nominal 120 dB of 
gain at DC with a single pole roll-off to unity at 800 KHz. 
These amplifiers are unity-gain stable and have a slew rate 
of 0.3 W4yS. 
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Figure 6. Simplified schematic of each of the operational 
amplifiers contained within the UC1838. 


Amplifier Open-Loop Response 


GAIN MAGNITUDE — (dB) 
PHASE — (Degrees) 


vo 


Gain = 20log aaa 


ol 1 10 100 1k 10k .1M 1M 
SIGNAL FREQUENCY — (Hz) 


Figure 7.. Open-loop gain and phase response for the 
UC1838 op amps. 


Two op amps are included to provide several design options. 
For example, if one is used to close the voltage feedback 
loop, the other could be dedicated to some protective 
function such as current limiting or over-voltage shutdown. 
Alternatively, if greater loop gain is required, the two 
amplifiers could be cascaded. 


The PNP output driver can deliver up to 100 MA of reset 
current with a collector voltage swing of as much as 80 volts 
negative (within the limits of package power dissipation). 
Remembering that the mag amp will block more volt- 
seconds with greater reset, pulling the input of the driver 
low will attempt to reduce the output voltage of the regu- 
lator. Thus, there are two inputs, diode ‘‘OR”’ ed to turn 

on the driver, turning off the supply output. 


With internal emitter degeneration, this reset driver operates 
as a transconductance amplifier providing a reset current as 
a function of input voltage as shown in Figure 8. The fre- 
quency response of this circuit is plotted in Figure 9 showing 
flat performance out to one megahertz. 
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Reset Driver DC Transfer Function 


, 
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o 
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Figure 8. Transconductance characteristics of the UC1838 
reset current generator. 


Reset Driver Response 


Gain = 200g z 
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GAIN MAGNITUDE — (d8) 
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Figure 9. Reset driver frequency response. 


Current limiting to protect the output driver is achieved by 
means of the 3.5 V Zener clamp (which is temperature com- 
pensated to match two VBE’s) in conjunction with the 200 
emitter resistor. It should be noted that thermal shutdown is 
purposely not included since protecting the driver by turning 
it off would mean losing control of the power supply output. 
Pin 11 — the emitter of the driver — can be connected to 
any convenient voltage source from .5VDC to the level used 
to supply the op amps. Note that the op amp supply must 
be at least 2 volts higher than the DC level on the inputs, a 
point to remember when selecting a location for current 
sensing. One possible configuration for a complete 
secondary regulator with shutdown control is shown in 
Figure 10. 
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45 TURNS +12V, 4A OUTPUT WITH 
50B10-1D CORE SWITCHING FREQUENCY = S0kHz 
—_ 100uH 


UES2403 


Vo 


MAGNETIC. 
AMPLIFIER 


Vo. 
SECONDARY 
WINDING 


15v 
AUXILIARY 
SUPPLY 


‘™ GND 


Figure 10. Using the UC1838 to provide both voltage control and over-current shutdown in a typical 12V, 4A regulator. 


MAG AMP DESIGN PRINCIPLES In addition to selecting the core material, there are 
additional requirements to define, such as: 

One of the first tasks in a mag amp design is the selection 1. Regulator output voltage 
of a core material. Technology enhancements in the field of 2. Maximum output current 
magnetic materials have given the designer many choices 3. Input voltage waveform including limits for both voltage 
while at the same time, have reduced the costs of what might amplitude and pulse width 
have been ruled out as too expensive in the past. A compari- 4, The maximum volt-seconds — called the “withstand 
son of several possible materials is given in Figure 11. Some area;’ A — which the mag amp will be expected to 
considerations affecting the choices could be: support 
1, A lower Bmax requires more turns — less important at With these basic facts, a designer can proceed as follows: 


higher frequencies since fewer turns are required. 


: : : ‘ ire si nt. a 23 
2. Higher squareness ratios make better switches , paeaaislas ener ha GUIDUECUEREDL: 300 pice : 
3. Higher Im requires more power from the control circuit 2. Determine core size based upon the area product: 
4. Ferrites are still the least expensive ; 
5. Less is required of the mag amp if it only has to regulate AwAe = AX X AX 10° where 
and not shut down the output completely : AB x K 
- Aw = Window area, cm? 
MATERIALS Ae = Effective core area, cm? 
Ax = Wire area, (one conductor) cm? 
Example: Similar Toroids, 1” 0.0., 0.75" .D., 0.25" High, 25KHz, 20V. A = Required withstand area, V-sec 
Bmax - CoreLoss Squareness Tus i AB = Flux excursion, gauss 
Trade Name Composition (kG) @ Bmax Ratio Req'd (A), K = Fill factors = 0.1 to 0.3 
Sq.Permalloy80 79% Ni, 7 1.2W 0.9 19 0.04 3. Calculate number of turns from 
17% Fe 8 
N= A x 10 
si T 78% Ni, 7° 1.0W 0.55 19 0.03 
upermalioy: beetcl AB x Ae 
5% Mo 4. Estimate control current from 
Orthono! ane 4 7.2W 0.97 to 0.39 Ic ~ _Hle where 
0.4aN 
Sq. Metglass Fe,B 16 7.6W 0.5 9 0.06 1, = core path length, cm 
Power Ferrites Mn, Zn 47 1.8W 0.4 Wo 04 H is taken from manufacturer’s curves. Note that it 
Sq. Ferrite Mn 39 BBW 09 13 O04 increases with frequency. 
(Fair-Rite #89) 5. Check the temperature rise by calculating the sum of the 
core loss and winding loss and using 
; AT = __Pwatts x gggec 
Figure 11. A comparison of several types of core materials A (surface) cm? 
available for mag amp usage. 6. Once the mag amp is defined, it can‘be used in the power 


supply to verify Ic and to determine the modulator gain 
so that the control requirements may be determined. 
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COMPENSATING THE MAG AMP CONTROL LOOP 


The mag amp output regulator is a buck-derived topology, 
and behaves exactly the same way with a simple exception. 
Its transfer function contains a delay function which results 
in additional phase delay which is proportional to frequency. 


Figure 12 shows the entire regulator circuit, with the modu- 
lator, filter, and amplifier blocks identified. The amplifier, 
with its lead-lag network, is composed of the op-amp 
plus RI, R2, R3, Cl, C2, and C3. The modulator, for the 
purpose of this discussion, includes the mag amp, the. 
two rectifier diodes, plus the reset driver circuit which 
is composed of D1, Qi, and R7. . ; : 

F ee pa 


FILTER & MODULATOR 


MA, L = 100xH 


ee 


|__| __awruren 7 
FILTER & MODULATOR OUTPUT 
Va (AMPLIFIER INPUT) 
FILTER & MOOULATOR INPUT 
. (AMPLIFIER OUTPUT) : 
Figure 12. Schematic diagram of a typical regulator 
control loop. 


The basic filter components are the output inductor (L) 
and filter capacitor (C4) and their parasitic resistances R4 
and RS. For this discussion, a 20 KHz, 10 Volt, 10 Amp 
regulator is used. The output inductor has been chosen to 
be 100 pH, the capacitor is 1000 pF and each has .01 ohms 
of parasitic resistance. The load resistor (R6) of 1 ohm is 
included since it determines the damping of the filter. 


The purpose of proper design of the control loop is to © 
provide good regulation of the output voltage, not only 
from a dc standpoint, but in the transient case as well. This 
requires that the loop have adequate gain over as wide ‘a, 
bandwidth as practical, within reasonable economic 
constraints. These are the same objectives We find in all - 
regulator designs, and the approach is also the same. 


A straightforward method is to begin with the magnitude 
and phase response of the filter and modulator, usually 

by examining its Bode plot. Then we can choose a desired 
crossover frequency (the frequency at which the magnitude 
of the transfer function will cross unity gain), and design the 
amplifier network to provide adequate phase margin for 
stable operation. 


Figure 13 shows a straight-line approximation of the filter 
response, ignoring parasitics. Note that the corner frequency 
is 1/(2  V LO), or 316 Hz, .and that the magnitude of the 
response ‘“‘rolls off’? at the slope of -40 dB per decade 
above the corner frequency. Note also that the. phase lag-. 
asymptomatically approaches 180 degrees above the corner 
frequency. : ; 4 
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FREQUENCY, Hz 
Figure 13. Output filter response. 


To include the effects of the mag amp modulator, we must 
consider the additional phase shift inherent in its transfer 
function. This phase delay has two. causes: 


1. The output is produced after the reset is accomplished. 
We apply the reset during the “‘backswing”’ of the 
secondary voltage, and then the leading edge of the 
power pulse is delayed in accordance with the amount 
of reset which was applied. 

2. The application of reset to the core is a function of the 
impedance of the reset circuit. In simple terms, the core 
has inductance during reset which, when combined with 
the impedance of the reset circuit, exhibits an L-R time 
constant. This contributes to a delay in the control 
function. 

The sum of these two effects can ‘be expressed as: 


@m =-(2D +a)“ _ , where 
Ws 


@m = Modulator phase shift 
D_ = Duty ratio of the “‘off’’ time . 
a = resetting impedance factor: = 0 for a current 


source; = 1 when resetting from a low-impedance 
source; and somewhere in between for an. .' « 
imperfect current source. 

ws = 27 fs, where fs = the switching frequency. , 


When the unity-gain crossover frequency is placed at or, . 
above a significant fraction (10%) of the switching fre- 
quency, the resultant phase shift should not be neglected. 
Figure 14 illustrates this point. With a = 0, we insert no 


‘phase delay, and with a = 1 we insert. maximum phase 


delay, which results from resetting from a voltage source 
(low impedance). The phase delay is minimized in the 
UC1838 by using a collector output to reset the mag amp. 


FULL WAVE 
D = 55 
a=0 


FREQUENCY, 2 
Os 


Figure 14. Mag amp phase shift. 


It is difficult to include this delay function in the transfer 
function of the filter and modulator. A simple way to 
handle the problem is to calculate the Bode plot of the 
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filter/modulator transfer function without the delay 
function, and then modify the phase plot according to 
the modulator’s phase shift. 


Using this technique, the Bode plot for the modulator and 
output filter of this example has been calculated assuming 
« = 0.2 and D = 0.6 yielding the graph of Figure 15. 


MAGNITUDE 


MAGNITUDE, dB 
PHASE, DEGREES 


10 100 1K - 10K 
FREQUENCY, Hz 


Figure 15. Filter-modulator response including the effects of 
mag amp phase delay. 


If we now close the loop with an inverting error amplifier, 
introducing another 180 degrees of phase shift, and cross 
the unity gain axis above the corner frequency, we will have 
built an oscillator — unity gain and 360 degrees of phase 
shift. 


An alternative, of course, is to close the loop in such a way 
as to cross the unity-gain axis at some frequency well below 
the corner frequency of the filter, before its phase lag has 
come into play. This is called “‘dominant pole’? compen- 
sation. It will result in a stable system, but the transient 
response (the settling time after an abrupt change in the 
input or load) will be quite slow. 


The amplifier network included in Figure 12 allows us to 

do a much better job, by adding a few inexpensive passive 
parts. It has the.simplified response shown in Figure 16. The 
phase shift is shown without the lag of 180 degrees inherent 
in the.inversion. This is a legitimate simplification, provided 
that we use an overall lag of 180 degrees (not 360 degrees) as 
our criterion for loop oscillation. . 


MAGNITUDE, dB 
PHASE, DEGREES 


Figure 16. Compensated amplifier frequency and 
phase response. 


The important point is that this circuit provides a phase 
““bump’’ — it can have nearly 90° of phase boost at'a 
chosen frequency, if we provide enough separation between 
the corner frequencies, fl and f2. This benefit is not free, 
however. As we ask for more boost (by increasing the sepa- 
ration between fl and £2) we demand more gain-bandwidth 
of the amplifier. 
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DESIGN EXAMPLE 


An 8V, 8A Output Derived from a 12V Output — 

20 KHz Push-Pull Converter 

This example uses the UC1838 to control a full-wave mag 
amp output regulator, with independent shutdown current 
limiting. Capsule specifications are as follows: 

INPUT: PWM quasi-square wave which, without the 
magamp, produces 12 Vdc. 

OUTPUT: 8.0 Vdc +1% at load currents from 1 to 8A. 
OUTPUT RIPPLE: Less than 50 mV p-p. 

TRANSIENT RESPONSE: For load changes of 6 to’ 8: and 
8 to 6A, peak excursion of the output shall be less than +2% 
and settle to within 1% of the final value within 500 4S. 
OUTPUT PROTECTION: The 8V output shall have 
independent current limiting, so as not to shut down the 
12V output when the 8V output is overloaded or short- 
circuited. It.shall recover from the overload automatically 
when the overload is removed. ‘ i 
Figure 17 shows the proposed circuit approach. A current - 
transformer has been used to sense the overload, simply to- 
illustrate this approach. A simple series resistor of perhaps - 
.01 or .02 ohms would do as well here, but the current trans- 
former is preferred for high-current outputs. 


Figure 17. Control and current limiting for a 8V, 8 amp, 
20 KHz push-pull converter: 


DESIGN APPROACH 


With the input waveform already set by the converter 
design, and the above specifications to define the desired 
output, the new output circuit will be approached as 
follows: 5 ? 

1. Draw the preliminary schematic. 

2. Design the mag amp. : 

3. Design the feedback loop. 

4. Design the current limiter. 

5. Build the breadboard and test it. 


PRELIMINARY SCHEMATIC 
Figure 17 shows the preliminary circuit diagram. Parasitic 


resistance of the output filter inductor and capacitor (R4 
and R5) are shown, along with the expected feedback com- 
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pensation elements (RI, R2, R3, C1, C2, and C3). These will 
be referenced in the mag amp design. 


MAG AMP DESIGN 


The information necessary to the design is as follows: 

1. Input pulse: nominally 32V x 9 uS, = 288 
volt-microseconds. 

2. Duty ratio of the ‘‘off’’ time: nominally (25 - 9 »S)/ 
25 uS = .76, since the frequency at the output is 40 KHz. 

3. Output current: 8A. 

4, Regulation only, or complete shutdown required? 
Shutdown, 


Comments on the output filter 


Design of the output filter is not complicated by the 
presence of the mag amp. In this case, it was designed with 
output ripple specs, and capacitor ripple ‘current in mind. 
Although this design has adequate inductance for contin- 
uous conduction of the inductor at minimum load, this is 
not mandatory. The mag amp, when designed for shutdown, 
is capable of regulating the output in the discontinuous 
conduction mode. 


Mag amp core selection 


1, Wire size: The current waveform in the magamp can be 
analyzed as follows: During the power pulse, the current 
is approximately 8A (inaccurate only due to the ‘‘tilt’’ of 
the top of the current pulse); the duty ratio of this pulse 
is half the ratio of the output voltage to the pulse height, 
or .5 x 8/30 = .12. During the dead time between 
pulses, the inductor current is shared by the rectifier 
diodes and the ‘“‘catch’”’ diode. The duty ratio is 
1-2 x .12 = .76, and the current during this interval is 
8/3A. During the remaining interval the current is zero, 
because the entire 8A is flowing in the other mag amp. 


The rms value of the current can now be computed: 

Irms = V8? x .12 + (8/3)? X .76 = 3.62 A. 

At. 400 Amp/cm?, a wire area of approx. .0091 cm? is 
required. 16 gauge wire has an area of .0131 and is chosen 
for the mag amp. 

2. Core selection: An appropriate material at this frequency 
is square-loop 80% nickel (Square Permalloy 80 or eq.) 
with a tape thickness of 1 mil. The saturation flux 
density if this material is 7000 gauss. A fill factor of 0.2 is 
chosen for the winding. The required area product is: . 
AwAe = AX XA x 10¢ . .0131_x 288 x 10° x 10" _ 135 cms 

AB x K 2 x 7000 x 0.2 
which can be divided by 5.07 x 10-6 cm?/C.M. in order 
to refer to core manufacturer’s tables. 
An appropriate core is the Magnetics 52002-10, which 
(with 1 mil tape thickness) has an area product of .026 x 
10° C.M. cm?. The core area of this core is 0.076 cm’. 

3. Determine the number of turns: The mag amp must be 
able to withstand the entire area of the input pulse, which 
is 288 volt-microseconds. 

N= A x 10° = 288 x 10* x 10° — 97 turns. 
2x Bmx Ac 2 x 7000 x .076 

Allowing an extra 20% for variations in Bm, pulse 

dimensions, etc., the winding is chosen to be 33 turns. 
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FEEDBACK LOOP DESIGN 


The key steps in the design of the feedback loop 

are as follows: 

1. Determine the modulator’s dc transfer function. 

2. Plot the transfer function of the modulator and filter, 
to determine the gain and phase boost required of the 
feedback amplifier. 

. Design the feedback amplifier. 

. Plot the results in the form of the closed-loop 
transfer function. 


Aw 


Plotting the modulator’s transfer function can be easily 
done experimentally with the UC1838 by opening the feed- 
back loop at the input to the Reset Driver and driving this 
point (pin 15 or 16) directly. For interest, the reset current is 
also measured with the help of a 1 ohm resistor placed in 
series with the emitter of the reset transistor (pin 11 of the 
UC1838). The results are shown in Figure 18, with load 
resistors of 1 ohm and 10 ohms. 


RESET DRIVER — PIN 15 


REGULATOR Vout 


Figure 18. DC gain of the mag amp modulator. 


Note that the results are practically the same at both load 
values. This is to be expected, since the output inductor is 
still in the continuous conduction mode at the minimum 
load. 


In the region of the desired output (8V and 8A load), the 
modulator de gain is approximately 12.5, or 22 dB. In 
addition to the phase shift of the filter, the modulator con- 
tributes additional phase lag! Assuming that we will not 
attempt to cross unity-gain at a frequency above one-tenth 
the switching frequency, we can neglect the phase lag due 
to the impedance of the core and the reset circuit. But 
we cannot neglect the phase lag resulting from the delay 
between the time of resetting the core and the time when 
the core delivers its output: 
Om = 2D “& , where 

Ws 
@m = Modulator phase shift 
D_ = Dutyratio of the ‘‘off’’ time (.76 in this example) 
ws = 2D fa, where f, = the switching frequency (40 KHz) 


We can use any one of the common circuit analysis pro- 
grams for analyzing the filter-modulator, neglecting the 
modulator phase lag when running the program, and then 
adding it later. Or, the lag may be included in a more sophis- 
ticated analysis program. The resultant response prediction 
is shown in Figure 19. F 
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Figure 19, Calculated — plot for the modulator 
and filter. 


Note the shape of the phase response. ' ‘In the region of 

2 KHz the phase lag is decreasing, due to the ESR of the 
output capacitor. Above 6 KHz the modulator’s phase lag 
becomes important, and the phase lag increases. 


Choosing one-tenth the switching frequency for the unity- 
gain crossover frequency (4 KHz), we can determine the 
desired gain and phase boost of the feedback amplifier. At 

4 KHz, the gain of the modulator is -15 dB (a factor of .179) 
and the phase shift is -135 degrees. It is generally recom- 
mended that there be at least 60 degrees of phase margin at 
the crossover frequency. This will require reduction of the 
phase lag to -120 degrees. 


In accordance with the design procedure of Sabie’ the 
required boost is: 
a M - P - 90, where 

= desired phase margin, and P = filter & modulator 
tae shift. 
In this case, Bc = 60 - (-135) -90 = 105 degrees. This is 
comfortably within the theoretical limit of 180 degrees, 
inherent in the amplifier configuration shown in Figure 17. 
The gain required at the crossover frequency is the reciprocal 
of the modulator’s gain, or +15dB = a gain of 5.6. 


Continuing with ‘the procedure, we can now compute the 
amplifier components: 


K = (Tan [ (Bc/4) + 45])? = 865 . 

C2 = 1/2 xfGRI) = 00071 pF 
Cl = C2(K-1) = 0055 uF 
R2 = VK/(2."f Cl) =' 21,485 ohms 
R3 = RI/(K - 1) = 1,302 ohms 
C3 = 1/22 ef VK R3) = 01 pF 


where f = crossover frequency in Hz, G = amplifier gain at 
crossover (expressed as a ratio, not as dB), and K is a factor 
which describes the required separation of double poles and 
zeroes to accomplish the desired phase boost. These 
frequencies are: 

fl = f/V K (double zero), and f2 = fV K (double pole), 

In this example, f1 = 1361 Hz and f2 = 11.76 KHz. With 
this information at hand, it is wise to check the gain-band- 
width required of the feedback amplifier to see that the 
circuit’s needs can be met with one of the amplifers in the 
UC1838. Knowing that the amplifier rolloff is 20 dB per 
decade, we can simply calculate the required gain-bandwidth 
at f2 and see that it is well below the gain-bandwidth of 

the amplifier. 
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The gain at f2 is: : 

Gf, = VK.G, and hence the required gain-bandwidth is: 
GBW = VKG f2 = K Gf, where G is the desired gain at 
crossover. 

In this example, GBW = 8.65 x. 5.6 x 4000 = 194 KHz. 


This is comfortably below the gain-bandwidth of the 
amplifier, which is 800 KHz. 


For interest, the response of the amplifier is plotted in 
Figure 20. Note that the gain reaches a minimum at 1.3 
KHz, and that the phase boost peaks at 4 KHz, as intended. 
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FREQUENCY, Hz . 


Figure 20. Compensated amplifier response. 


Figure 21 shows the overall response, combining the 
filter-modulator’s response with that of the feedback 
amplifier. Note the 60 degrees of phase margin at the 
crossover frequency. 


Mowry, +99 


FREQUENCY, d8 
t 
SoS 8SESBS 
vi 
m 
8 
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100 1000 10K 
FREQUENCY, Hz 


Figure 21. Total loop response with 60 degrees of phase 
margin at crossover. 


CURRENT LIMITER DESIGN 


Although a series sensing resistor might have been accept- 
able at this level of output current, a current transformer, 
TI in Figure 17, has been used for the sake of interest. The 
secondary has 100 turns, and each primary winding is 
simply one pass through the toroid. 


The amplifier performs as an integrator ‘rather than as 

a comparator, the form found in many primary current 
limiters of switched-mode controllers. Fhis is not an arbi- 
trary choice. Since the current pulse occurs during the time 
that the core is obviously not being reset, the circuit must 
have ‘‘memory”’ — it must apply a shutdown command to 
the reset transistor during the next reset interval. Although 
many sophisticated schemes can be devised, the integrator 
is attractive because of its simplicity. 
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A diode is placed across the input resistor of the integrator, 
to farce its output down quickly when receiving the narrow 
pulses which occur when the circuit is in current limit. The 
circuit of this example was developed experimentally. A 
future goal is to explore this in detail and develop a more 
rigorous approach. The performance of this circuit is 
illustrated with waveform photos later in the paper. 


BREADBOARD TEST RESULTS 


Figure 22 shows the waveform of the input voltage which 

is applied to the mag amp core, and the current of the two 
mag amps combined (by placing a current probe on the 
return leg of the secondary of the converter’s transformer). 
The lower two traces are expanded versions of the top ones, 
and one can see clearly the effect of the transformer’s leak- 
age inductance: the voltage pulse has a ‘‘dent”’ in it during 
the rise of the current in the mag amp. 


1. Secondary voltage, SOV, 5 ys/div. 
2. Current in return (center tap) of secondary. SA, 5 ps/div. 
3. Secondary voltage, 50V, 1 ys/div. 
4. Current in return (center tap) of secondary. 5A, 5 ps/div. 


Figure 22. Input voltage and current to the mag amp. 


Also note the ‘‘backswing”’ at the end of each voltage pulse. 
This is the discharge of the energy stored in the saturated 
inductance of the mag amp core. Finally, note the rate of 
rise of the current pulse, which is determined by the satu- 
rated inductance of the mag amp, in series with the leakage 
inductance of the transformer. 


Figure 23 illustrates the operation of the mag amp in more 
detail. The upper trace is the input voltage of the mag amp, 
and the lower trace is its output. The reset volt-second prod- 
uct is the difference between the negative pulses of the two 
traces.. The shape of the negative pulse in the lower trace is 
due to the changing impedance of the mag amp core during 
reset. 


Top: Secondary voltage (into mag amp), 20V x 5 us/div. 
Bot: Vout of mag amp, 20V x 5 ps/div. 


Figure 23. Mag amp operation. 
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Control loop transient response 


To test the response of the regulator to step changes in load, 
an electronic load was square-wave modulated at 500 Hz, 
between the values of 6A and 8A. The results are shown in 
Figure 24. The upper trace is the regulator’s output voltage, 
showing peak excursions of less than 50 mV, and recovery 
time of .5 ms. The lower trace is the reset current, measured 
with a current probe at the collector of the reset transistor in 
the IC. 


Output transient response 6-8A AILOAD 

Top: Output voltage, SOmV x .5 ms/div. 

Bot: Reset current, 20mA x .5 ms/div. 
(Measured at collector of UC1838 transistor) 


Figure 24. Dynamic regulator response to step change in 
load between 6 and 8 amps. 


Response of the current limiter 

To illustrate the dynamic operation of the limiter, the . 
current limit was set at 7A, and then the electronic load was 
modulated between 5.7A and 8.7A at a rate of approximately 
25 Hz. Figure 25 shows the output voltage in the top trace. 
The lower trace is the current in the output inductor. Note 
that the output voltage is well-behaved and that there is no 
overshoot of the inductor current. 


Top: Vout, 2V x 20 ms/div. 
Bot: Inductor current, 2A x 20 ms/div. 


Figure 25. Response of current limiter with load switched 
between 5.7 and 8.5A; with-current limit set at 7.5A. 


Finally, Figure 26 shows the operation of the current-limit- 
ing amplifier. The upper trace is the inductor current, and 
the lower trace is the output voltage of the current-detecting 
amplifier. Note the output waveform of the amplifier. 
Although the amplifier performs as an integrator, it slews 
fast enough to keep up with the rate of rise of the inductor 
current, thus adequately protecting the converter and output 
rectifiers. 
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APPLICATION NOTE 


Top: Inductor current, 2A x .1 ms/div. 
Bot: Vout of C.L. amp (pin 1), 2V x .1 ms/div. 


Figure 26. Response time of current limit amplifier. 


APPLICATIONS AT HIGHER 
SWITCHING FREQUENCIES 


As mag amp output regulators are applied at higher and 
higher switching frequencies, the second-order effects, of 
course, become more significant.’ Leakage inductance of the 
transformer and saturated inductance of the mag amp rob 
the circuit of its control range, since these produce addi- 
tional dead time at the leading edge of the output pulse. 
Even without the mag amp output regulator, this can be 

a problem in high-frequency switched-mode converters. 


Diode storage time has the same result. If the output side of 
the mag amp “sticks” at ground (during reverse recovery of 
the rectifier) while its input voltage swings negative, some 
unwanted reset will be applied to the mag amp. There are 
techniques to deal with this problem, by providing a shunt 
recovery path around the mag amp to remove the stored 
charge in the diode.‘ 


The control circuit of the mag amp regulator is not involved 
in the cycle-by-cycle operation of the circuit; hence, the 
control IC is not a major barrier to raising the operating 
frequency. It does.affect the situation in an indirect way, 
however. Its gain-bandwidth may limit the speed of transient 
response such that the loop crossover frequency cannot be 
raised in proportion to the switching frequency. In most 
applications this will not be objectionable. If it is, an out- 
board op amp can provide the additional gain-bandwidth. If 
the regulator is not required to have its own current limiter, 
then the second amplifier can be used in cascade with the 
first, to provide additional gain-bandwidth. 


The integration of the circuit blocks required to implement: 
mag amp output regulators is an important contribution. It 
is especially beneficial to have the reset transistor included, 
as this can even eliminate a small heat sink. Finally, it is 
helpful not only in the design process but also in production 
to have a single component which encompasses all of the 
active control functions. As more and more designers are 
working with the same component, the development of the 
technology will be more focused, and this will be universally 
beneficial. 


Unitrode Integrated Circuits Corporation 
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1.5 MHZ CURRENT MODE IC CONTROLLED 
50 WATT POWER SUPPLY 


Abstract 

This application note highlights the development 
of a 1.5 megahertz current mode IC controlled, 
50 watt power supply. Push-pull topology is 
utilized for this DC to‘DC€ converter application of 
+48 volts input to +5 volts at 10 amps output. 
The beneficial increase in switching speed and 
dynamic performance is made possible by a new 
pulse width modulator, the Unitrode UC3825. 
Reductions in magnetic component sizes are 
realized and the selections of core geometry, fer- 
rite material and flux density are discussed. The 
effects of power losses throughout the circuit on 
overall efficiency are also analyzed. 


Introduction ; 

The switching frequencies of power supplies 
have been steadily increasing since the advent of 
cost effective MOSFETS, used to replace the con- 
ventional bipolar devices. While the transition time 
in going from twenty to hundreds of kilohertz has 
been brief, few designers have ventured into, or 
beyond, the one megahertz benchmark. Until 
recently, those who have, had utilized discrete 
pulse width modulation designs due to the 
absence of an integrated circuit truely built for 
high speed. The 1.5 MHZ power supply shown 
schematically in figure 1 was designed to exem- 
plify high frequency power conversion under the 
supervision of such an IC controller, the UC3825! 


Figure 1. Schematic Diagram 
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10A 


(3) 1nF - 50V 
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il. POWER SUPPLY SPECIFICATIONS 


Input Voltage Range: 42 to 56 VDC 
Switching Frequency: 1.5 MHz 


Output Power: 51 Watts Max. 
Output Voltage: 5.1 VDC Nom. 
Output Current: 2~10 ADC 
Line Regulation: 5 MV 

Load Regulation: 15 MV 

Output Ripple: 100 MV Typ. 
Efficiency: . 75% Typ. 


il, OPERATING PRINCIPLES 


Power can efficiently be converted using any of 
seyeral standard topologies. Design tradeoffs of 
cost, size and performance will generally narrow 
the field to one that is most appropriate. For this 
demonstration application, the center-tapped 
push-pull configuration has been selected. 


Current mode control provides numerous advan- 
tages over conventional duty cycle control, and 
has been implemented as the regulation method. 
In review, the error amplifier output (outer control 
loop) defines the level at which the primary current 


Figure 2. Basic Diagram — Push-Pull Converter Using 
Current Mode Control 


(inner loop) will regulate the pulse width, and out- 
put voltage. Pulse-by-pulse symmetry correction 
(flux balancing) is inherent to current mode con- 
trollers, and essential for the push-pull topology 
to prevent core saturation. 
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A basic current mode controlled, mosfet switched 
push-pull converter is shownin figure 2. Transistor 
Q1 is turned on by a drive pulse from the PWM, 
causing primary current |p to flow through the 
transformer primary, mosfet Q1 and sense resistor 
Rs. Simultaneously, diode D1 conducts current |p 
x Np/Ns in the secondary, storing energy in in- 
ductor L1 and delivering power to the output load. 
When Q1 receives a turn-off pulse from the PWM, 
it halts the current flow in the primary. Secondary 
Current continues due to the filter inductor L1. 
Diodes D1 and D2 each conduct one-half the DC 
output current during these converter “off” times. 
This entire process is repeated on alternate 
cycles, as Q2 next is toggled on and off. The basic 
waveforms are shown in figure 3 for reference. 


oe ie ee Oo eee 
lane A ,-——__t__ > 
Vas (a2) @ ed: ek eee __ | 


Vos (a2) 


9-123 


2eVec 


Vec 


Vsat 


IpRIS 


Vsec @ 


Vor @ 


lo 
IDt 1a2 


Figure 3. Basic Push-Pull Waveforms 
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IV. DESIGN CONSIDERATIONS 


Auxiliary Supply Voltage — 

The 9.2 volt minimum requirement of the UC3825 
and 20 volt gate-source maximum of the mosfets 
imply an approximate"10 thru 18 volt range of 
inputs. The 10 volt value was selected to supply 
both Vec and Ve (totem pole outputs) while keep- 
ing power dissipation in the IC low. The. circuit 
used is a simple resistor-zener dissipative network 
with ample bypassing capacitors located near the 
IC to reduce noise. 


Oscillator Frequency 
The oscillator frequency selected is 15 MHz, 
resulting in a 670 nanosecond period. From the 
UC3825 data sheet, oscillator frequency versus 
Rt, Ct, and deadtime curves: 
Fo = 1.5 mHz; T period = 670 ns 
Ct = 470 pF 
Rr = 15K 
Therefore; T (on) = 570 ns (max) 
* T (off) = 100 ns (min) 
T (on) max 


DUTY CYCLE, d max = ————_ = ———. = 85% 
T (period) 670ns 


NOTE: These times will determine the mosfet device 
selection and transformer turns ratio, 


Preliminary Considerations 

Prior to designing the main transformer, several 
parameters need to be defined and determined. 
Standard design procedures are used for this 
“first cut” approximation. 


Input Power ; 
Input power, P (in) = Output pews: P (out) 
Efficiency, n 
Letn = 75% for a5 v, single output power supply. 
P (in) = 5iv-e10a os 51 watts = 68 watts 
0.75 0.75 


Primary Current - 
The primary current can be approximated using 
“the low-line constraints of 42 volts DC input: 


Primary Current (dc) = —~———————_—._ = —_——- = 162A 
Input Walaee Viin) = 42. volts 


The primary current during the transistor on time is: 
I(p) = iC pee 1.9 amps, or approx. 2A 


The RMS primary current is: 


Ip (rms) = Ip duty = 1.24A (rms) 
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Sense Resistor R (s) 

Primary current is sensed and controlled in a cur- 
rent mode controller by first developing a voltage. 
proportional to the primary current, used as an 
input to UC3825. This is accomplished by sense 
resistor R (s) with a calculated value of the | limit 
threshold value divided by the primary current at 
the desired current limit point, typically 120% 
1 (max). 


V th (pin 9) ey 21 volt 


R (s) s ——*"-—— = —+ ———_ = 042 ohm 
1.2 «2 amps 


120% « | (pri) 


Mosfet DC Losses | 

Ahigh quality mosfet is used to keep both DC and 
switching losses low, with an R (ds) on max of 0.8 
ohms. Calculation of the voltage drops across the 
device are required for the transformer design. 


V ds (on).= Rds (max) « 1(p) = 0.82 = 16v u 
During an overload; V ds (max) = 082+ 1.20 = 192v(2v) 


Pde = | de?.Rds max» duty. 
‘= 2208+ 0.85/2 = 1.35 watts 


Selection of Core Material 

Few manufacturers provide core loss curves for 
frequencies above 500 khz. To minimize power 
dissipation in the core, the flux density must be 
drastically reduced in comparison to the 20 -150 
khz versions. Typical operation is at a total flux 
density swing, delta B, of 0.030 Tesla (300 Gauss) 
while approaching the 1 megahertz region. TDK’s 
H7C4 material was selected for it’s low loss, high 
frequency characteristics. 


Main Transformer Design 

The first step in transformer design is fo determine 
the preliminary turns ratio. Once obtained, the 
minimum cross-sectional area core (Ae) can be 
calculated, and core selection made possible. 


Calculation of Transformer 
Voltages and Turns Ratio 
V pri (min) = V in (min) - V xtor (max) - V (Rs) max 
Vp(min) = 42v-20v-1v 
= 39.0v 
V sec (min) = V out (max) + V diode (max) 
+ V choke (dc) + V (losses) 
V sec (min) = 5.1 + 065 + 01 + 0.05 (est) = 59v 


Turns ratio N = V pri (min) Duty (max) _ 390+ 0.85 _ 56:1 
V sec (min) 59 
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The secondary is designed for excellent coupling 
using copper: foil, and the primary has. been 
rounded to the nearest lower turns. 


Turns ratio: N = N pri/N sec = 5:1 


The actual number of both primary and secon- 
dary turns will be determined by the ferrite core 
characteristics as a function of operating fre- 
quency and Gauss level. -- 


Minimum Core Size 

The minimum cross-sectional area core that can 
be used is calculated with the following equation 
for core loss limited applications. 


Ac (min) = V (pri) min « Duty (max) « 104 (cm?) 
: 2 Freq. « N (p) « AB (Tesla) 

At first it would seem that the core area required 
for this 15 MHZ switcher would be ten times 
smaller than that of a 150 KHZ version. This would 
be true if the flux density, number of turns and 
core losses remained constant. However, losses 
area function of both frequency and frequency 
squared? and as it increases, the flux density 
swing (AB) must be drastically reduced to provide 
asimilar core loss, hence temperature rise. tn this 
example, an acceptable figure was selected of 
one percent of the total output power, or one-half 
watt. Empirically, this translates to a temperature 
rise of 25°C, at 325 Gauss (0.0325 Tesla) for cores 
with a cross-sectional area of 0.70 sq. cm, a ball- 
park estimate of the true core size. 


This formula can be rewritten as: 
V pri « O max « 104 

2+FeAB 
This is a more convenient formula because the 
right hand side of the equation contains all con- 
stants. Input voltage, frequency of operation and 
flux density have already been determined. The 
selection of core size (cross-sectional area) is 
inversely proportional to the number of primary 
turns, and vice-versa. Based on the five-to-one 
turns ratio, an original assumption of five turns for 
the primary would resultin a large core size for this 
50 watt application. Alternatively, a ten turn pri- 
mary is used to minimize core size. 


Substituting previous values for high line opera- 
tion at 0.0325 Tesla (325 Gauss) and a magnetic 
operating frequency of 750 kHz: 

~ 39-085 « 104 
2 © 750,000 + 10 « 0.0325 © 


Ac «Np = 


Ac (min) = = 0,68 cm? 
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Core Loss Limited Conditions 

As the switching frequencies are increased, gen- 
erally a reduction of core size or minimum number 
of turns is realized. This is true, however, but only 
to thé point at which the increasing core losses. 
prevent a further reduction of either size or mini 
mum turns. This crossover point occurs at differ- 
ent frequencies for each individual ferrite material 
based upon their losses and acceptable circuit 
losses, or temperature rise? 


Core Geometry Selection 

A variety of standard core shapes are available in 
the cross-sectional area range of 0.62 to 0.84 cm?. 
Considerations of safety agency spacing require- 
ments, physical dimensions, window aréa and rel- 
ative cost of assembly must be evaluated. 


AG Weight 
Core Style Description (cm?) (g) 
PQ PQ 20/20 0.62 15 
POT CORE P 22/13 0.63 13 
LP LP 22/13 0.68 21 
TOROID T 28/13 0.76 26 
EE EE 35/28 0.78 28 


The LP 22/13 style was selected to easily termi- 
nate (breakout) the high current output windings. 
For a given cross-sectional area, it occupies less 
PC board space, and has good shielding charac- 
teristics. 


Wire Size Selection 

The single, most difficult:task in high frequency 
magnetic design is to minimize the eddy current 
losses, or skin effects while optimizing wire sizes. 
Penetration depth refers to the thickness (or 
depth) into a copper conductor in which a wave 
will penetrate for a specific frequency. For copper 
at 100°C: 

dpen = 75/ (frequency®’) (cm) 


At 750 kHz, this corresponds to 8.66 « 10% cm, or 
about the thickness of an AWG #39 wire, Larger 
size wire can be used, however the AC current 
flows only in the depth penetrated at the switching 
frequency. Consult the UNITRODE DESIGN 
SEMINAR SEM-400 book, appendix M2 for 
additional information on this subject. é 


APPLICATION NOTE 


For low current windings, several strands of thin 
wire can be paralleled, or twisted together forming 
a “bundle.” Seven wirestwisted around each other 
Closely approximate a round conductor with a net 
diameter of three times the individual wire diam- 
eter. This twisting is commonly done at 10-12 turns 
per foot, and significantly reduces parasitics 
between wires at high frequencies. 


Medium to high current windings require the use 
of Litz wire, a similar bundle of numerous conduc- 
tors. Copper foil is also an excellent choice. 


Industry practice is to operate at 450 amps (RMS) 
per centimeter squared, or 2.22 « 10-3 cm2/A. 
This applies to windings operating at an accept- 
able temperature rise. — 


Area required = | rms/ 450A /cm2 
Primary area (Axp) = 1.24A/450A/ cm? = 2.75 « 10° cm2 


Calculate Secondary RMS Current. 


2 2 (2 » 
Irms (sec) = | sec? (duty on) + ‘sec (2 « duty off) 
2 
2 (2° 
(rms (sec) = 102 (.425) + = (2 « 075) 
2 
I rms (sec) = 481A 
Secondary Area (Axs) = 4.81A/ 450A /cm?2 
, = 1.07 «10° cm? 
7 STRANDS 


3 LAYERS 
Figure 4. 


For a given bundle of 7 conductors, the cross-sec- 
tional area of each conductor equals: 


Required area _ Axp _ 2.762107 | 


So = = 993+ 10% cm? 
# conductors 


- 7 7 
The cross-sectional area of an AWG #36 wire is 
1.32 « 10-4, therefore, three bundles of seven con- 
ductors each should be used. Two bundles were 
utilized as a compromise between practical wind- 
ing considerations and acceptable eddy current 
losses. 
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Copper foil is used for the secondary, with a 
required wicth slightly less than the bobbin width, 
and thickness determined by: : 


Secondary area (Axs) _ 1.07 «10? cm 
Bobbin width 1.40cm 


This corresponds to 0.003” thick foil, a standard 
value. In practice, slightly thicker foil (0.004” to 
0.005") may be required to minimize power losses 
in the transformer. 


= 764+10%cm 


Transformer Assembly 

Standard practice to increase coupling between 
primary and secondary is position both as closely 
as possible to each other inside the transformer. In 
this design, the first layer wound is one primary, 
and the next layer is the corresponding secon- 
dary. This is again followed by the other secondary 
and primary. It is important to keep the secon- 
daries in close proximity since both will be con- 
ducting simultaneously twice per period. The 
primaries do not conduct in this manner, so 
coupling from primary A to primary Bis notcritical, 
only primary A to secondary C, and primary B to 
secondary D. 


Referring to the transformer schematic, primary A 
iS wound closest to the bobbin. After insulation, 
secondaries C and D are wound bifilar and 
insulated. Primary B is wound last, then termi- 
nated so that primaries A and B are wired in series, 
likewise for secondaries C and D. 
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Figure 5. Transformer Schematic 
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Figure 6. Transformer — Exploded View 


Calculation of Winding 
Resistances and Losses 
The mean length of turn for the bobbin can be 
determined from the specifications of O.D. and 
1.D., and for the BLP 22/13 a figure of 4.51 cm or 
1.77 in. was obtained. AWG #36 wire has a resis- 
tance of 182 « 10-2 ohms/cm at 100°C for the 
following: 
Primary resistance can be calculated: 
Rpri = 
| R wire « ME ef#turns _ 0.0182 + 451° 10 _ 0.0586 ohm 
# wires 14 
Voltage drop and power loss in each half winding can be also 
| calculated: 
V(R pri) = tprie Rpri = 2.0 ©0.58 = 0.116 volt (negligible) 
P (Rpri) = R pri tpri2 » duty = 0.0586 + 4 « 0.425 
= 0.0996 watts 
The resistance of the secondary can be approxi- 
mated by using the wire tables, and substituting 
the foil for wire of similar cross-sectional area. In 
this example, AWG #16 wire is used to obtain Rsec 


= 1.58 « 10-* ohms/cm. 
Rsec = R foil» M.LJ. « #turns = 1.58+10%+45+2 
= 0.00143 ohm 


V(Rsec) = 1.43 + 10+ 10 = 0.0143 volt (negligible) 
P (Rsec) = Rsec( (Ide? »D on) + ( (Idc/2)? + 2 « D off) 


P (Rsec) = 0.00143 { (102 - 0.425) + (5? « 0.15) = 
0.066 watts 


Transformer Power Losses 
The total copper losses for two windings are then: 
Pcu = P(Rpri) + P(Rsec) = 2 + (0.066 + 0.0996) 

= 0,332 watts 
Estimated eddy current losses are approximately 50% of 
the copper losses. Pcu = 0.50 watts. 
Giventhe core material type, geometry, frequency 
and operating Gauss level, the ferrite losses can 
be calculated. From the manufacturers informa- 
tion, the typical loss coefficient for H7C-4 material 
operating at a flux density swing of 0.035 Tesla 
(350. Gauss) at 750 kHz is 0.15 watts per cubic 
centimeter of core volume, which is 3.327 cm’ per 
LP 22/13 core set. Therefore: 


P core = 3.327 «0.15 = 0.50 watt 

The total power lost is a summation of the copper 
and ferrite losses: 

Pxfmr = Pcu + Pcore = 050 + 0.50 = 1.00 watts 


OUTPUT SECTION 


Output Choke Calculations 

Typically, the RMS output ripple currentisless than 
15% I de, or 1.5 ampsin this case. Delta |, the peak 
to peak ripple therefore is twice the RMS, or 3 
amps. 

= Vat 


59 v (350) 10% _ . 
ai A0A 690 nanohenries 
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Due to the small value of inductance required, the 
conventional approach will not be used. Instead, 
a simple RF type wound coil will be designed 
using the solenoid equation found in most refer- 
ence texts, A thick pencil will be utilized as the coil 
form with a diameter of 0.425 inches, however any 
similar item will suffice. 


The form factor, F, is a function of the form diam- 
eter divided by the length of the wound coil, of 
D/L. A few gyrations will take place before the 
exact values are obtained, however this goes 
quickly. The form factor is listed below for various 
practical values of D/L. 


Coil Dia./Length Form Factor ‘‘F”’ 


0.1 0,0025 
0.25 0.0054 
0.50 0.010 
1.0 0.0173 
2.0 0.026 
5.0 0.040 


L (wh) = Fe N2¢D(in),N = (LIF - D) (turns) 

For D = 0.425, D/L = 1 (approx); F = 0.0173 

N = (0690 / 0.0173 + 0.425)" = 9.76 turns 

Rounding off to the nearest next number of turns, the actual 
inductance for 10 turns can be calculated: 

L (uh) = 0.0173 « 102 «0.425 = 744 nanohenries 


In an air core inductor the permeability “u” equals 
unity, therefore the flux density B equals the 
driving function H. 


Output Capacitor 


Q = !PP. Tperiod «| peta = Ip-p/8<F 
2 2 2 

C = Q/ dV where dV (output ripple) equals 0.100 volts. 

C= Ip-p/8eFedV = 3/8015+ 1060010 = 25 nF 


Three 1 pf caps are used in parallel. With a typical 
ripple voltage of <50 mv due to ESR, the ESR 
each (at 1.5 mHz) must be approximately 150 
milliohms. The Unitrode ceramic monolithic 
capacitor series was selected for their excellent 
high frequency characteristics. 


Resonance, and its effect at these. frequencies 
must be taken into account. In this case, the 
capacitor reaches resonance at 1.5 mHz, and the 
effective impedance is resistive. 
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Output Diodes 

Schottky diodes were selected for their short 
reverse recovery times to minimize switching 
losses, and low forward drop for high DC effi- 
ciency. The Unitrodé USD 640C is a center-tap- 
ped TO-220 type, with ample margin to safely 
accommodate 40 volt reverse transients and 10 
amp DC output currents. Also featured is a 0.65 
volt maximum drop across each diode and 1 volt 
per nanosecond switching rate. 


UC3825 PWM CONTROL SECTION 


Current Limit / Shutdown 

Pulse-by-pulse current limiting is performed by 
the UC3825 by an input of the primary current 
waveform to the IC at pin 9. The small RC network 
of R3 and C8 are used to suppress the leading 
edge glitch caused by turn-on of the mosfet and 
transformer parasitics. The input must be below 
the 1 valt threshold or current limiting will occur. 
Once reached, an input above the threshold will 
narrow the pulse width accordingly. When this 
reaches a 1.4 volts amplitude, shutdown of the 
outputs will occur, and the UC3825 will initiate a 
soft start routine. 


Ramp 

The UC3825 offers the flexibility of both Current 
Mode Control or conventional duty cycle control 
via the RAMP input pin. When connected to the 
iming capacitor, the UC3825 operates as a duty 
cycle control IC. Connecting the RAMP input to 
the current waveform changes the contro! meth- 
od to Current Mode. In this application, the ramp 
waveform is tied through a small RC filter network 
to the-primary current waveform. This network is 
defined in the next section — slope compensa- 
tion. The dynamic range of this input is 1-3 volts, 
and is generally used for introducing slope com- 
pensation to the PWM. 


Slope Compensation 

Slope compensation is required to compensate 
for the peak to average differences in primary 
current as a function of pulse width. Adding a 
minimum of 50% of the reflected downslope of 
the output current waveform to the primary cur- 
rent is required. See UNITRODE APPLICATION 
NOTE U-93 and U-97 for further information. 
Empirically, 60-75% should be used to accom- 
modate circuit tolerances and increase stabilityS 
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Resistors R2 and R4 in this circuit form a voltage 
divider from the oscillator output to the RAMP 
input, superimposing the slope compensation on 
the primary current waveform. Capacitor C6 is an 
AC. coupling capacitor, and allows the 18 volt 
swing of the oscillator to be used without adding 
offset circuitry. Capacitor C7 has a two-fold pur- 
pose. During turn on it filters the leading edge 
noise of the current waveform, and provides a 
negative going pulse across R4 to the ramp input 
at the end of each cycle. This overrides any para- 
sitic capacitance at the ramp input, (pin 7), that 
would tend to hold it above zero volts. This insures 
the proper voltage input at the beginning of the 
next cycle. 


Figure 7. 


For the purposes of determining the resistor 
values, capacitors C4 (timing), C6 (ac coupling) 
and C7 (filtering) can be removed from the circuit 
schematic. The simplified model represented in 
figure 8 is used for the calculations. These calcula- 
tions can be applied to all Current Mode circuits 
using a similar scheme. 
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STEP 1. Calculate inductor Downslope 
§(L) = di/dt = Vsec/L = 59V/.740 4H = 80Alus (1) 
STEP 2. Calculate. Reflected Downslope to Primary 
S(L)’ = S(L)/N (turns ratio) = 8.0/5 = 1.6 A/pS (2) 
STEP 3, Calculate Equivalent Ramp Downslope Voltage 
V S(L)' = S(L)' « Rsense = 16-0375 = 0600 Vis = (3) 
STEP 4. Calculate Oscillator Slope ; ; 
VS (osc) = d(Vose)/ Ton = 18 V/570 ns = 3.15 Wyus(4) 
STEP 5. Generate the Ramp Equations 
Using superposition, the circuit can be configured as: 

SL Sosc. 


R4 R2 


RAMP 


Figure 9. 


VS(L) +R2 _ VS (oso) + R4 
R2 + R4 R2 + Ra 


SUBSTITUTING, 
V (ramp) = V S(L)” + V S(comp) 


WHERE 
VS (comp) = 


V (ramp) = 


(5) 
(6) 


VS (osc) «R4 . 
R2 + R4 


VS(L)” = VS(L)'-R2 


Re + R4 
STEP 6. Calculate Slope Compensation 
VS (comp) = me S(L)” - (7) 


Where m equals the amount of inductor downslope to be 
introduced, in this example, let m = 75%, of 0.75. 


VS(osc)+R4 _ meVS(L) +R2 


R2 + R4 R2 + R4 
SOLVING FOR R2: 
RO = RG VSOS) 3.15 
vVS(tyem 0.600 + 0.75 (9) 
USING CIRCUIT VALUES, 
R2 = 7.05 + R4 
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For simplicity, let R4 equal 1 K ohms and R2 there- 
fore equals 7.05 K. Using the nearest standard 
value resistor of 6.8 K, the exact amount of down- 
slope is minimally affected. Important, however. is 
that the series combination of R2 and Ré4 is high 
enough in resistance not to load down the oscilla- 
tor and cause frequency shifting. 
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CLOSING THE FEEDBACK LOOP 

Error Amplifier 

Compensation of the high gain error amplifier in 
the UC3825 is straight forward. There is a sin- 
gle-pole at approximately 5 hertz. A zero will be 
introduced in the compensation network to pro- 
vide gain once the zero db threshold is crossed. 
Using Current Mode contro! greatly simplifies the 
compensation task as the output choke is con- 
trolled by the inner current loop, thus making the 
output section appear as a single pole response 
with a zero at the ESR frequency 


Control to Output Gain 

The control to output gain will vary with output 
loading, and as the load is increased the gain de- 
creases. Output capacitor ESR will determine the 
frequency at which the zero occurs, thus chang- 
ing the gain asa function of ESR. To insure stability 
through all combinations of load and ESR, the 
amplifier will be compensated to cross zero db at 
approximately one-fifth of the switching frequency 
with ample phase margin. 


The output filter pole and zero occur at 

Fp = 1/2  R (load) C (output) 

F, = 1/2 w R (esr) C (output) 

CIRCUIT PARAMETERS: 

C (output) = 3 wF; ESR (each) = 0.050 min ~ 0.300 max 
For three capacitors in parallel, ESR = 0.016 - 0.100 ohms 
R (output) = 2.5 ohms at 2 A, 0.5 ohms at 10 A 

Using the above equations; 

Fp (2A) = 1/(2 63.14 © 2.5 © 3010-9) = 21.2 kHz 

Fp (10A) = 1/(2°3.14 © 05 3010) = 106.1 kHz 

Fz (high) = 1/(2 © 3.14 © 0.016 « 3e10-%) = 3315 mHz 
Fz (low) = 1/(2 + 3.14 + 0.100 » 3610-*) = 530.5 kHz 
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GAIN 
V output) _ kK #Ro, where K = PR NoiNe _ 2:5 1 11.76 
V(control) |. V(control) 085 


Therefore, at 2 amps and 10 amps, 
VolVe = Kero = 11.76 «2.5 = 29.4 db (2A) 
VolVe = ‘Kero +11. 76 « 05 = 15.4 db (0A) 


Error Amplifier Compensation 

The control to output gain can be plotted along 
with the desired zero. db crossing point and an 
estimate of the error amplifier required compen- 
sation network can be made. The amp compen- 
sation should. have a zero at approximately 100 
kHz, and a gain of -16 db at this frequency. Resis- 
tor R9 has been selected to be 3.3 k ohms based 
onthe output drive capability of the UC3825 amp. 
Complete specifications are contained in the 
UC3825 data sheet. * 

F zero (amp) = 1/(2 «x *R9 C12) 

therefore, C12 = 1/(2 «4+ RQ F zero) 

C12 = 1/(2 +314 ©3300 + 100.000) = 480 pF (use 560 pF) 
R10/R9 = approx -16 db (0.16), 

R10 = R9/ gain = 33 K/0.16'= 204 K (use 20 K) 

This compensated response can now be plotted, 
along with the control to output gain and the over- 
all power supply response is a summation of the 
two curves, as Seen in figures 11 and 12. Low fre- 
quency gains of 100 db at full load, and 115 db at 
light load are obtained, with a zero db crossing at 
approx. 100 kHz for both. Phase margin is gener- 
ous with approx. 90 degrees for both light and 45 
degrees at full load. 


. GAIN AND PHASE RESPONSE 
UC3825 DEMO KIT 


LIGHT 


100 10° 192 103 104 10 106 107 
FREQUENCY (H2) 
0 
een aes 
- 180 
Figure 11 


FULL 


GAIN - FULL LOAD 


GAIN (08) 
~ S8S0S 888 SSS 388385 88 


jo 108 102 103 10" 108 ied 10” 
FREQUENCY {H2} 


Figure 12. 
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LIST OF MATERIALS 
REFERENCE DESCRIPTION 
Capacitors : 
C1, 2 47 uF, 63 VDC Electrolytic 
C3, 5 0.1 pF, 50 VDC Monolithic 
C4 470 pF, VDC Monolithic 
C6 : 0.01 xf, 50 VDC Monolithic 
C7 120 pF, 50 VDC Monolithic 
C8 15 pF, 50 VDC Monolithic 
C9-11, 17-19 1 wF 50 VDC Monolithic 
C12 560 pF, 50 VDC Monolithic 
C13, 14 150 pF, 150 VDC Ceramic 
C15, 16 5000 pF, 50 VDC Ceramic 
Diodes 
CR1 1N4465 10 V, 1.5 Watt Zener 
CR2, 3 USD1140 40 V, 1 Amp Schottky 
CR4, 5 UES1105 = 150 V, 2.5 Amp Ultrafast 
CR6, 7 © USD640C 40 V, 12 Amp Schottky 
Integrated Circuits 
U1 UC3825 Unitrode High Speed PWM 
Transistors 
Q1, 2 UFN633 150 V, 8A Mosfet 
Resistors 
R1 1.5 K, 1/2 W, 1% 
R2 68 K, 1/2 W, 5% 
R3,4,14,15 1K, 1/2 W, 5% 
R5-8 1.5R, 1 W, 5% 
R9 3.3 K, 1/2 W, 5% 
R10 20 K, 1/2 W, 5% 
R11, 12 6.2 R, 1/2 W, 5% 


R13 500 R, 5 W, 10% 


R16-19 200 R, 1/2 W, 5% 

R20-23 24 R, 1/2 W, 5% 

R24 51 R, 1 W, 5% 

Magnetics 

uu 740 nH Wound Coil 

TI AIE Magnetics Custom Transformer, 


5:1 Turns Ratio 
Miscellaneous 


Hi Heatsink—Mosfets (AAALL #5786B) 
H2 Heatsink—Diodes (AAALL #5299B) 
Efficiency Measurements 
V (In) I (In) P(in) P(Loss) Efficiency 
42 1.707 71.7 20.2 71.8% 
48 1.483 71.2 19.7 72.4% 
56 1.331 73.2 21.7 70.4% 
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V (In) Vout Vout Vout Load Reg. 
Vv (2A) (5A) (10A) MV 
42 5.110 5.102 5.093 17 
48 5.108 5.101 5.092 16 
56 5.108 5.102 5.089 19 
Line 2mv imv 4mv 


Dynamic Performance 

The power supply was pulse loaded from.5 amps 
to 10 amps at a frequency of 100 kilohertz. 
Recovery to within 50 mv was less than 2 micro- 
seconds. with a total excursion of less than 200 
millivolts. High speed FETS were used to switch 
the load current with typical rise/fall times of 50 
nanoseconds. 


Short Circuit 
The short circuit input current is approximately 
0.75 amps, or an input power of 36 watts. 


Circuit Power Losses 
The total circuit losses are approximated using 


both the calculated and measured losses 
throughout the power supply. 

Power Losses 

Current Sense Circuit 1.2W 
Output Diodes 98 W 
Switching Transistors 3.2 W 
Dropping Resistor 3.0 W 
Snubber Networks 1.0 W 
Transformer Losses 1.0 W 
Auxiliary Supply 0.8 W 
Miscellaneous 0.2 W 
TOTAL LOSSES 20.2 W 


If a bootstrapped technique is utilized in the 
auxiliary supply to the IC and drive circuitry, the 
dropping resistor losses of three watts can be 
reduced to 0.1 watts in the bootstrap circuitry. In 
addition, the lossy resistive current sensing net- 
work can be replaced by a small current trans- 
former, lowering the losses by a half-watt. Overall 
efficiency would then increase to 75%, fairly high 
for a five volt output application. Noteworthy is 
that the switching losses at this high of frequency 
can be minimized, and have little overall effect 
on circuit efficiency. 
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Summary 

The demands of higher power densities will 
undoubtedly throttle many switch-mode power 
supply designs into and beyond the megahertz 
region in the near future. Designers will be facing 
the challenges of selecting switching devices, 
magnetic materials and IC controllers built exclu- 
sively for high efficiency at these frequencies, The 
thrust from contemporary hundreds of kilohertz 
designs to megahertz versions is rapidly making 
progress. This 1.5 MHZ current mode push-pull is 
an example of what can successfully be accom- 
plished with existing high speed components and 
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TIMING WAVEFORMS 
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PRACTICAL CONSIDERATIONS IN 
CURRENT MODE POWER SUPPLIES 


Introduction 

This detailed section contains an in-depth explanation of 
the numerous PWM functions, and how to maximize their 
usefulness. It covers a multitude of practical circuit design 
considerations, such as slope compensation, gate drive 
circuitry, external cantrol functions, synchronization, and 
paralleling current mode controlled modules. Circuit dia- 
grams and simplified equations for the above items of inter- 
est are included. Familiarity with these topics will simplify 
the design and debugging process, and will save a great 
deal of time for the power supply design‘engineer. 


1. SLOPE COMPENSATION 

Current mode control regulates the PEAK inductor current 
_ viathe ‘inner’ or current control loop. !n acontinuous mode 

(buck) converter, however, the output current is the AVER- 

AGE inductor current, composed of both an AC and DC 

component. 


While in regulation, the power supply output voltage and 
inductance are constant. Therefore, Vout/lsec and 
dI/dT, the secondary ripple current, is also constant. In a 
constant volt-second system, dT varies as a function of 
Vin, the basis of pulse width modulation. The AC ripple 
current component, dl, varies also as a function of dT in 
accordance with the constant Vout Lsec. 


Average Current 

At high values of Vin, the AC current in both the primary 
and the secondary is at its maximum. This is represented 
graphically by duty cycle D1, the corresponding average 
current 11, and the ripple current d(I1). As Vin decreases to 
its minimum at duty cycle, the ripple current also is at its 
minimum amplitude. This occurs at duty cycle D2 of aver- 
age current |2 and ripple current d(I2). Regulating the 
peak primary current (current mode control) will produce 
different AVERAGE output currents I1, and {2 for duty 
cycles D1 and D2. The average current INCREASES with 
duty cycle when the peak current is compared to a fixed 
error voltage. ; 


t 
Figure 1. Average Current Error 


Constant Output Current 

To maintain a constant AVERAGE current, independent of 
duty cycle, a compensating ramp is required. Lowering the 
error voltage precisely as a function of Ton will terminate 
the pulse width sooner. This narrows the duty cycle cre- 
ating a CONSTANT output current independent of Ton, or 
Vin. This ramp simply compensates for the peak to aver- 
age current differences as a function of duty cycle. Output 
currents I1 and |2 are now identical for duty cycles D1 and 
D2. 


Ve 


Figure 2. Constant Average Current 


Determining the Ramp Slope 

Mathematically, the slope of this compensating ramp must 
be equal to one-half (560%) the downslope of the output 
inductor as seen from the control side of the circuit. This is 
proven in detail in “Modelling, Analysis and Compensating 
of the Current Mode Controller’ (Unitrode publication U-97 
and its references). Empirically, slightly higher values of 
slope compensation (75%) can. be used where the AC 
componentis small in comparison tothe DC pedestal, typi- 
cal of a continuous converter. 


Circuit Implementation 

In acurrent mode control PWM IC, the error voltage is gen- 
erated at the output of the error amplifier and compared to 
the primary current at the PWM comparator. At this node, 
subtracting the compensating ramp from the error voltage, 
or adding it to the primary current sense input will have the 
same effect: to decrease the pulse width as a function of 
duty cycle (time). It is more convenient to add the slope 
compensating ramp to the current input. A portion of the 
oscillator waveform available at the timing capacitor (Cr) 
will be resistively summed with the primary current. This is 
entered to the PWM comparator at the current sense input. 
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Parameters Required for 

Slope Compensation Calculations 

Slope compensation can be calculated after specific 
parameters of the circuit are defined and calculated. 
SECTION PARAMETER 

Control T on (Max) Oscillator 

AV Oscillator (PK-PK Ramp Amplitude) 
| Sense Threshold (Max) 

V Secondary (Min) 

L Output 

|_ AC Secondary 

(Secondary Ripple Current) 

R Sense (Current Sensing Resistor) 

M (Amount of Slope Compensation) 

N Turns Ratio (Np / Ns) 


Once obtained, the calculations for slope compensation 
are straightforward, using the following equations and 
diagrams. 


Output 


General 


pas 


Figure 3. General Circuit 


Resistors R1 arid R2 form a voltage divider from the oscilla- 
tor output to the current limit input, superimposing the 
slope compensation on the primary current waveform. 
Capacitor C1 is an AC coupling capacitor, and allows the 
AC voltage swing of the oscillator to be used without add- 
ing offset circuitry. Capacitor C2 forms an R-C filter with R1 
to suppress the leading edge glitch of the primary current 
wave. The ratio of resistor R2 to R11 will determine the exact 
amount of slope compensation added. 

For purposes of determining the resistor values, capacitors 
Cr (timing), C1 (coupling), and C2 (filtering) can. be 
removed from the circuit schematic. The oscillator voltage 
(Vosc) is*the peal: -to-peak amplitude of the sawtooth 
waveform: The simplified model is represehied sche- 
matically in the following circuit. 

These calculations can be applied to all current mode con- 

verters using a similar stope compensating scheme. — 


Re 
AVosc 


ILiMiT 
R, ; 


Rs 


Figure 4. Simplified Circuit 


Step 1. Calculate the Inductor Downslope 
S(L) = di/dt = Vsec/Lsec (Amps/Second) 


Step 2. Calculate the Reflected Downslope 

to the Primary 
S(L’ = S(D/N (Amps/Second) 
Step 3. Calculate Equivalent Downslope Ramp 
V S(U' = S(L)’ « R sense (Volts/Second) 
Step 4. Calculate the Oscillator Charge Slope 
V.Ssc) = d (Vosc) /T on (Volts/Second) 
Step 5. Generate the Ramp Equations 
Using superposition, the circuit can be illustrated as: 


Si R, Re Sesc. 


AVosc 


VRAMP 


Figure 5. Superposition 


V(RAMP) = eu + VS@sc) ¢ Rt areilans 
+ R2 R1 + R2>. 

VRAMP) = V S(L)” + V SCompP) where 

V Sicomp) = ¥ Sse)? RI and v s(Ly” = V StL)’ * Re 
R1 + R2 R1 + R2 


Step 6. Calculate Slope Compensation 
V S(COMP) = M ® S(L)" where M is the amount of 
inductor downslope to be introduced. 


Equating V Sosc) ¢ R1 = Mev S(L)’ eR2 
R1 


+R2 . °° RI+R2 
, solving for R2 
R2 = R1 e_V S@sc) _ 
VS(L) eM 
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Equating R1 to 1K ohm simplifies the above calculation 
and selection of capacitor C2 for filtering the leading edge 
glitch. Using the closest standard value to the calculated 
value of R2 will minimally effect the exact amount of down- 
slope introduced. It is important that R2 be high enough in 
resistance not to load down the IC. oscillator, thus causing 
a frequency shift due to the slope compensation ramp 
to R2. 


RSENSE 


Figure 6. Emitter Folower Circuit: 


Design Example — Slope Compensation Calculations 
Circuit Description and Parameter.Listing: 


Topology: Half-Bridge Converter 
~ Input Voltage: 85-132 VAC “Doubler Configuration” 
Output: 5 VDC/45 ADC 
Frequency: 200 KHz, T Period = 5.0 4S 
T Deadtime: 500 ns, T on Max:= 4.5 pS 
Turns Ratio: 15 / 1, (Np/Ns) 
V Primary: 90 VDC Min, 186 Max 
V Sec Min: 6 VDC 
R Sense: 0.25 Ohm 
| Sec Ac: 3.0 Amps (< 10% | DC) 
L Output::5.16 wh 


1. Calculate the Inductor Downslope on the 
Secondary Side ; 
S (L) = di/dt = Vsec/Lsec = 6 v/5.16 ph = 1.16 A/ 


2. Calculate the Transformed Inductor Slope to the 
Primary Side 
S(L) = S(L) ¢ Ns/Np = 1.16 © 145 =.0.0775 A/S 


3. Calculate the Transformed Slope Voltage at 
Sense Resistor : 

V S(L) = S(L)’ « Rsense = 7.72 e 10-2 © 0.250 = 

1.94010? V/nS 
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4. Calculate the Oscillator Slope at the Timing Capacitor - 
Siosc) = dV osc/T on max = 1.8/4.5 = 0.400 VipS 


5. Let Amount of Slope Compensation (M) = 0.75 and 
R1 = 1K 


R2 = Rie _VSosc)_ ;R2 = _1K * 0.400_ 
VS(LY eM 0.0192 ¢ 0.75 
= 274K ohms 


ll. GATE DRIVE CIRCUITRY 

The high current totem-pole outputs of most PWM ICs have 
greatly enhanced and simplified MOSFET gate drive 
circuits. Fast switching times of the high power FETs can 
be attained with nearly a “direct” drive from the PWM. 
Frequently overlooked, only two external components — a 
resistor and Schottky diode are required to insure proper 


. operation of the PWM while delivering the high current 


drive pulses. 


MOSFET Input Impedance 

Typical gate-to-source input characteristics of most FETs 
reveal approximately 1500 picofarads of capacitance in 
series with 15 nanohenries of source inductance. For this 
example, the series gate current limiting resistor will not be 
used to exemplify its necessity. Also, the totem pole tran- 


" gistors are replaced with ideal (lossless) switches. A dV/dT 
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rate of 0.5 volts per nanosecond is typical for most high 
speed PWMs and will be incorporated. 


FET 
INPUT 
IMPEDANCE 


PWM 


| 
Figure 7. Ideal Circuit Gate.Drive 


Assuming no external circuit parasitics of R,.L or C, the 
PWM is.therefore driving an L-C resonant tank with no 
attenuation. The driving function is a 15 volt pulse derived 
from the auxiliary supply voltage. The resulting current 
waveform is shown in figure 8, having a peak current of 
approximately seven amps at a.frequency of thirty-three 
megahertz. 
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Figure 8. Voltage & Current Waveforms at Gate 


In a practical application, the transistors and other circuit 
parameters, fortunately, are less than ideal. The results 
above are unlikely to happen in most designs, however 
they will occur at a reduced magnitude if not prevented. 


Limiting the peak current through the IC is accomplished 
by placing a resistor between the totem-pole output and 
the gate of the MOSFET. The value is determined by divid- 
ing the totem-pole collector ‘voltage (Vc) by the peak 
current rating of the.IC’s totem-pole. Without this resistor, 
the peak current is limited only by. the dV/dT rate of the 
totem-pole and the FET gate capacitance. 


For.this example, a collector supply:voltage of 10 volts is 
used, with an estimated totem-pole saturation voltage of 
approximately 2 volts. Limiting the peak gate current to 1.5 
‘amps max requires a resistor of six ohms, and the nearest 
standard value of 6.2 ohms was used. Locating the resistor 
in series with the collector to the auxiliary voltage source 
will only limit the turn-on current. Therefore it must be 
placed between the PWM and gate to limit-both turn-on 
and turn-off currents. 


Actual circuit parasitics also play a key role in the drive 
behavior. The inductance of the FET source lead (15 nano- 
henries typical) is generally small in comparison to the lay- 
‘out inductance. To model this network, an approximation of 
30 nanohenries per inch of PC trace can be used. In addi- 
tion, the inductance between the pins of the IC and the die 
can be rounded off to 10 nanohenries per pin. It now 
becomes apparent that circuit inductances can quickly 
add up to 100 nanohenries, even with the best of PC Jay- 
outs. For this example, an estimate of 60 nh was used to 
simulate the demonstration PC board. The equivalent cir- 
cuit is shown in figure 10. A 10 volt pulse is applied to the 


network using 6.2 ohms as the current limiting resistance: 


Displayed is the resulting voltage and current waveform at 
the totern-pole output. 
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Figure 9. Circuit Parameters 


Figure 10. Circuit Response 


The shaded areas of each graph are of particular interest. 
During this time, the lower totem-pole transistor is satu- 
rated. The voltage at its collector is negative with respect to 
it’s emitter (ground). In addition, a positive output current is 
being supplied to the RLC network thru this saturated NPN 
transistor’s collector The !C specifications indicate that 
neither of these. two conditions are tolerable individually, 
nevermind simultaneously. One approach is to increase 
the limiting resistance to change the response from under- 
damped to slightly overdamped. This will occur when: 


R (gate) = 2eVUC 


Unfortunately, this also reduces the peak. drive current, 
thus increasing the switching times of the FETS — highly 
undesirable. The alternate solution is to limit the peak 
current, and alter the circuit to accept the underdamped 
network. | 


APPLICATION NOTE 


The use of a Schottky diode from the PWM output to 
ground will correct both situations. Connected with the 
anode to ground and cathode to the output, it will prevent 
the output voltage from going excessively below ground, 
and will also provide a current path. To be effective, the 
diode selected should have a forward voltage drop of less 
than 03 volts at 200 milliamps. Most 1-+to-3 amp diodes 
exhibit these traits above room temperature. The diode will 
conduct during the shaded part of the curve shown in 
figure xx when the voltage goes negative and the current 
is positive. The current is allowed to circulate without 
adversely effecting the IC performance. Placing the diode 
as physically close to the PWM as possible will enhance cir- 
cuit performance. Circuit implementation of the complete 
drive scheme is shown in the schematic. 


Power MOSFET Drive Circuit 


D1.02: UC3611 Schottky Diodes 


Figure 11. 


Transformer driven circuits also require the use of the 
Schottky diodes to prevent a similar set of circumstances 
from occurring on the PWM outputs. The ringing below 
ground is greatly enhanced by the transformer leakage 


Transformer Coupled MOSFET Drive Circuit 


01.D2: UC3611 Schottky Diode Array 


Figure 12. 
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inductance and parasitic capacitance, in addition to the 
magnetizing inductance and FET gate capacitance. Cir- 
cuit implementation is similar to the previous example. 


Transformer Coupled Push-Pull MOSFET Drive Circuit 


UC36114 Quad Schottky 


= Diode Array 
PGND 


Figure 13. 


Peak Gate Current and Rise Time Calculations 
Several changes occur at the MOSFET gate during the 
turn-on period. As the gate threshold voitage is reached, 
the effective gate input capacitance goes up by about 
fifteen percent, and as the drain current flows, the capaci- 
tance will double. The gate-to-source voltage remains fairly 
constant while the drain voltage is decreasing. The peak 
gate current required to switch the MOSFET during a spec- 
ified turn-on time can be approximated with the following 
equation. 


Ipk = 2 (Ciss [ (25° Vath) + Id] + [Crss (VDD -Voth) }} 
Ton . gm : 


Several generalizations can be applied to simplify this 
equation. First, let Vgth, the gate turn-on threshold, equal 
3 volts. Also, assume gm.equals the drain current Id 
divided by the changein gate threshold voltage, dVgth. For 
most applications, dVgth is approximately 2.5 volts for utili- 
zation of the FET at 75% of its maximum current rating. In 
most off-line power supplies, the gate threshold voltage is 
asmall percentage of the drain voltage and can be elimi- 
nated from the last part of the equation. The formulas to 
determine peak drive current and turn-on time using the 
FET parameters now simplify to: 


| pk = 2. ©{ (10 © Ciss) + (Crss ¢ V drain) } 
Ton 


Ton = = @ { (10 © Ciss) + (Crss © Vdrain) } 
Pp 

Switching times in the order of 50 nanoseconds are attain- 
able with a peak gate current of approximately 1.0 ampsin 
many practical designs. Higher drive currents are obtain- 
able using most Unitrode current mode PWMs which can 
source and sink up to 1.5 amps peak (UC1825). Driver ICs 
with similar output totem poles (UC1707) are recom- 
mended for paralleled MOSFET, high speed applications. 
SEE APPLICATION NOTE U-118 


APPLICATION NOTE 


Hl. SYNCHRONIZATION 

Power supplies have historically been thought of as “black 
boxes,” an off-the-shelf commodity by most end users. 
Their: primary function is to generate a precise voltage, 
independent of load current or input voltage variations, at 
the lowest possible cost. In addition, end users allocate a 
minimal amount of system real estate in which it must fit. 
The major task facing design engineers is to overcome 
these constraints while exceeding the customers’ expec- 
tations, attaining high power densities and avoiding 
thermal management problems. It is imperative, too, that 
the power supply harmonize and integrate with the system 
rather than cause catastrophic noise problems and last 
minute headaches. Products that had performed to satis- 
faction on the lab workbench powered by well filtered 
linear supplies may not fare as well when driven by a noisy 
switcher enclosed in a small cabinet. 


Basic power supply design criteria such as the switching 
frequency may be designated by the system clock or CPU 
and thus may not be up to the power supply designer's dis- 
cretion. This immediately impacts the physical size of the 
magnetic components, hence overall supply size, and may 
result in less-than-optimum power density. However, for the 
system to function properly, the power supply must be 
synchronized to the system clock. 


There are numerous other reasons for synchronizing the 
power supply to the system. Most switching power noise 
has a high peak-to-average ratio of short duration, 
generally referred to as a spike. Common mode noise gen- 
erated by these pulsating currents through stray capaci- 
tance may be difficult (if notimpossible) to completely elimi- 
nate after the system design is complete. Ground loop 
noise may also be amplified due to the interaction of 
changing currents through parasitic inductances, resultng 
in crosstalk through the system. EMI filtering to the main 
input line is much simpler and more repeatable when 
power is processed at a fixed frequency. 


In addition, multiple power stages require synchronization 
to reduce the differential noise generated between mod- 
ules at turn-on. In unison, the converters begin their cycles 
at the same time, each contributing to common mode 
noise simultaneously, rather than randomly. This also sim- 
plifies peak power considerations and will result in predict- 
able power distribution and losses. Compensation made 
for voltage drops along the bus bars, produced by both the 
AC and DC power current components, can be accom- 
plished. Balancing of the loads and power bus losses also 
contributes to diminishing the differential noise and should 
be administered for optimum results. 
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Operation of the PWM Oscillator 

In normal operation, the timing capacitor (Ct) is linearly 
charged and discharged between two thresholds, the 
upper and lower comparator thresholds. The charging 
current is determined by means of a fixed voltage across 
auser selected timing resistance (Rt). The resulting current 
is then mirrored internally to the timing capacitor Ct at the 
IC’s Ct output. The discharge current is internally set in 
most PWM designs. 

As Ct begins its charge cycle, the outputs of the PWM are 
initiated and turn on. The timing capacitor charges, and 
when its amplitude equals that of the error amplifier output, 
the PWM output is terminated and the outputs turn off. Ct 
continues to charge until it reaches the upper threshold of 
the timing comparator Once intersected, the discharge 
circuitry activates and discharges Ct until the timing 
comparator lower threshold is reached. During this dis- 
charge time, the PWM outputs are disabled, thus insuring 
a “dead” time when each output is off. 


2 — UPPER COMPARATOR, 


Xe, , THRESHOLD 
vat wee Ye, : poe ¥ ERROR AMPLIFIER 
io Xe Lowen COMPARATOR 
THRESHOLD 


HIGH 

SYNC DEADTIME 
LOW 

OUTEDY ON OFF OUTPUT A 


bola OFF ON OFF OUTPUT 


Figure 14. Voltage Mode Control - 
Normal Operation 


SYNC Low HIGH Low 
Ver 

out f« ON toad tn OFF 
A 

ouT ~« OFF am ON ~| OUTPUT B 
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Figure 15. 
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- THRESHOLD 
HIGH 
- LOWER 


THRESHOLD 
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The SYNC terminal provides a “digital” representation of 
the oscillator charge/discharge status and can be utilized 
as both an input or an output on most PWM’s. In instances 
where no synchronization portis easily available, the timing 
circuitry (Ct) can be driven from a digital (OV, 5V) logic input 
rather than in the analog mode. The primary considera- 
tions of on-time, off-time, duty cycle and frequency can be 
encompassed in the digital pulse train. A LOW logic level 
input determines the PWM ON time. Conversely, a HIGH 
input governs the OFF time, or dead time. Critical con- 
straints of frequency, duty cycle or dead time can be 
accurately controlled by a digital signal to the PWM timing 
cap (Ct) input. The command can be executed by anything 
from a simple 555 timer, to an elaborate microprocesso’ 
software controlled routine. 


APPLICATION NOTE 


Not all PWM IC’s have a direct synchronization input/out- 
put connection available to the internal oscillator. In these 
applications, the slave oscillator must be disabled and 
driven in a-different fashion. This approach may aiso be 
required when using different PWMs amongst the slave 
modules with different sync characteristics, or antiphase 
signals. 


Unfortunately, there are several drawbacks to this method, 
depending on the implementation. First, the PWM error 
amplifier has no control over the pulse width in voltage 
mode control. The error amplifier output is compared to a 
digital signal instead of a sawtooth ramp, rendering its 
attempts fruitless. The conventional soft start technique of 
clamping the error amp output, thereby clamping the duty 
cycle will not function. With no local timing ramp available, 
the supply is completely under the direction of the sync 
pulse source. Should the pulse become latched or 
removed, the PWM outputs will either stay fully on, or fully 
off, depending on the sync level input (voltage mode). Also, 
without the local Ct ramp, the supply will not self-start, 
remaining off until the sync stream appears. Slope com- 
pensation for current mode controlled units requires addi- 
tional components to generate the compensating ramp. 
Every supply must be produced as a dedicated master, or 
slave, and must be non-interchangeable with one another, 
barring modification. This is only a brief list of the numerous 
design drawbacks to this “open-ended” sync operation. To 
circumvent these shortcomings, a universal sync circuit 
has been developed with the following performance fea- 
tures and benefits: 


— Sync any PWM to/from any other PWM 

— Sync any PWM to/from any number of other PWMs 

— Sync from digital levels for simple system integration 

— Bidirectional sync signal 

— Any PWM can be master or slave with no modifications 

— Each control circuit will start and run independently 
of sync if sync signal is not present 

— Localized ramp at Ct for slope compensation 

— No critical frequency settings on each module 

— High speed — minimum delays 

— High noise immunity 

— Low power requirements 

— Remote off capability 

— Minimal effect on frequency, duty cycie, and dead time 

— Low cost and component count 

— Small size 

Sync Circuit Operating Principles 

These optimal objectives can be obtained using a combi- 

nation of both analog and digital signal inputs. The timing 

capacitor Ct input will be used as a summing junction for 

the analog sawtooth and digital sync input. The PWM is 

allowed to run independently using its own Rt and Ct 

components in standard configuration. When synchroni- 

zation is required, a digital sync pulse will be super- 

imposed on the Ct waveform. 
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When applied, the sync pulse quickly raises the voltage at 
Ct above the PWM comparator upper threshold. This 
forces a change in the oscillator charge/discharge status 
and operation. The oscillator then begins its normal dis- 
charge cycle synchronized to the sync signal. This digital 
sync pulse simply adds to the analog Ct waveform, forcing 
the Ct input voltage above the comparator upper 
threshold. : 


Ver 
Pe ae ares — UPPER 
THRESHOLD, 
=> Ver 
LOWER 


| VsYNC 
. (DIGITAL) 


Figure 16. 


COMBINED 'HRESHOLD 


In practice, this approach is best implemented by bringing 
Ct to ground through a small resistance, about 24 ohms. 
This low value was selected to have minimal offset and 
effects on the initial oscillator frequency. The sync pulse will 
be applied across the 24 ohm resistor. Since all PWMs 
utilize the timing capacitor in their oscillator section, it is 
both a convenient and universal node to work with. 


SYNC CIRCUIT 
INPUT Cr 


Ct 


240 


Figure 17. Sync Circuit Implementation 


Oscillator Timing Equations 

The oscillator timing. components must be first selected to 
guarantee synchronization to the sync pulse. The sawtooth 
amplitude must be lower than the upper threshold voltage 
at the desired sync frequency. If not, the oscillator will run 
in its normal mode and cross the upper threshold first, 
before the sync pulse. This requirement dictates. that the 
PWM oscillator frequency must be lower than the sync 
pulse frequency to trigger reliably. Typically, a ten percent 
reduction in free running frequency can be accommo- 
dated throughout the power supply. Adding the sync cir- 
cuit will have minor effects on the PWM duty cycle, dead- 
time and ramp amplitude. (These will be examined in 
detail.) 


APPLICATION NOTE 


The Timing Ramp 

As mentioned,. the timing ramp amplitude needs to be 
approximately ten percent lower in frequency than normal. 
Therefore, the MINIMUM sync pulse amplitude mustfill the 
remaining ten percent of the peak-to-peak ramp amplitude 
to reach the upper threshold. Synchronization can be 
insured over.a wide range of frequency inputs and compo- 
nent tolerances by supplying a slightly higher amplitude 
sync pulse. 

Lowering the peak-to-peak charging amplitude also lowers 
the peak-to-peak discharge amplitude. This shortens the 
time required to discharge Ct since it begins at a lower 
potential. Consequently, this reduces the deadtime 
accordingly. However, the sync pulse width adds to the IC 
generated deadtime and increases the effective off, or 
deadtime due to discharge. This sync pulse width need 
only be wide enough to be sensed by the IC comparator, 
which is fairly fast. Additional sync pulse width increases 
deadtime which can be used to compensate for the 10% 
lower ramp, hence deadtime. 


CHARGING RAMP DISCHARGING RAMP 


Figure 18. Oscillator Ramp Relationships 


Oscillator Ramp Equations 

The timing components required:in the oscillator section 
are generally determined graphically from the manufac- 
turers’ data sheets for frequency.and.deadtime versus Rt 
and Ct. While fine for most applications, a careful examina- 
tion of the equations is necessary to analyze the impacts of 
the additional sync circuit components on the timing 
relationships. 


Oscillator Charging Ramp Equations 


AVosc = 1 [IchgaT = Iehg] t 7 
Ct c lo 


Tchg = {-AV osc © Ct}/Ichg where Ichg = Vchg/ Rt 
AV osc = Vth upper — Vth lower 


AV osc’ = AV osc (tehg)_ _ v (24 ohm) 
t chg(o) 


V (24 ohm) = Ichg © 24 = [Vchg/Rt] « 24 
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These equations can be reduced if an approximation is 
made that the deadtime is very small in comparison to the 
total period. In this case, the entire effect of changing the 
ramp voltage is upon the charging time of the oscillator. 
Synchronizing to a higher frequency simply reduces the 
charging time of Ct, (Ichg). The new charging time (Tchg’) 
is the original charge time multiplied by the change in fre- 
quency between F original and F sync. This relative 
change will be used in several equations; it is labelled P for 
percentage of change. : 


Tchg' _ Tsyne _ Forig ~ p “elative F change” 
Tchg(o) Torig Fesync 


For small values of charging current, or large values of Rt, 
the voltage drop across the 24 ohm resistor is negligible. A 
current of 2 milliamps will result in a 2.5% timing error with 
a 2 volt peak to peak oscillator ramp at Ct. Itis also prefer- 
rable to free-run the IC oscillator at about a 15% lower fre- 
quency than the synchronization frequency, where “P” = 
0885. 


AVosc’ (sync) = AVosc(o) ¢ P = 0.85  A[Vosc] orig. 

T chg’ = T chg(o) « P = 085 T chg(o) 

V sync (minimum) amplitude = A [Vosc] e (1-P) 

= 0.15 e A [Vosc(o)] 

With an approximate 2 volt peak to peak oscillator ampli- 
tude, the minimum sync pulse amplitude is 0.30 volts for 


synchronization to occur with a 15% latitude in 
frequencies. 


Oscillator Discharge Ramp Equations 

Proper deadtime control in the switching power stage is 
required to safeguard against catastrophic failures. Add- 
ing the sync circuit to the oscillator reduces the discharge 
time of the timing capacitor Ct, hence reducing the dead- 
time of the PWM. There are two contributing factors. First, 
the peak amplitude at the timing capacitor islowered by AV 
osc{o) — AVosc; and the capacitor begins its discharge 
from a lower potential. Second, the 24 ohm resistor adds 
an offset voltage, dependent on its current. Typical IC dis- 
charge currents range from approximately 6 to 12 milli- 
amps. This offset due to charging current (1-2 ma) is low in 
comparison to that of the discharge current (6 to 12 ma). 
While negligible during the charge cycle, its tenfold effects 
must be taken into account during the discharge, or 
deadtime. 


The discharge time (T dchg) can be calculated knowing 
the discharge current of the particular 1C. More convenient 
is to use the manufacturers’ published deadtime listing for 
a known value of Ct, and to calculate the effects of the sync 
Circuit. The discharge current has been averaged to 8 milli- 
amps for brevity. 


AV dschg’ = [AVdchg(o) « P] - V (24 ohm) 
= [085 © AVosc(o)] - 0.2 volts 


T dchg’ = T dchg(o) - T loss (24 ohms) 
where T dchg(o) = initial deadtime from curve 


= T dchg(o) ¢ [AV dchg’ / AVosc(o)} 


APPLICATION NOTE 


The actual deadtime is a summation of both the discharge 
time of Ct and the width of the sync pulse. While being 
applied, the sync pulse disables the PWM outputs and 
must be added to the discharge time. The sync pulse width 
can be used to. compensate for the “lost” deadtime, or as 
a deadtime extension. 


T dead’ = T dchg’ + T sync pulse width 


D 
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Figure 19. Sync Circuit Schematic 
Operating Principies 


A positive going signal is input to the base of transistor Q1 
which operates as an emitter follower. The leading edge of 
the sync signal is coupled into the base of Q2 through 
capacitor C1, developing a voltage across R4 in phase with 
the sync input. This signal is driven through C2 to the slave 
timing capacitor and 24 ohm resistor network, forcing 
synchronization of the slave to the master. This high speed 
pulse amplifier circuit adds a minimum of delay (= 50 ns) 
between the master to slave timing relationship. 


Top Trace: 
Clock Input 


Center Trace: 
Base-to-Ground 
Voltage at Q2 


Bottom Trace: 
Output Voltage 
into 8 ohms 


Vertical: 1 Volt(CM 


Horizontal: 
FOSC = 1 MHz 


Figure 20. Sync Circuit Waveforms 


This photo displays the waveforms of the sync circuit in 
operation at a clock frequency of 1 megahertz. The top 
trace is the circuit input, a 2.5 volt peak-to-peak clock out- 
put signal from the UC3825 PWM. Any of several other 
PWMs can be used as the source with similar results at 
lower frequencies. The center trace depicts the base to 
ground voltage waveform at transistor Q2, biased at 3 volts. 
The lower trace displays the output voltage across R4 while 
driving three slave modules, or about 8 ohms from the 5 
volt reference. 


Top Trace: 
Master :CT 


Center Trace: 
Clock Output 


Bottom Trace: 
V Sync Output 


FOSC = 1 MHz 


Figure 21. Circuit Timing Waveforms 


Top Trace: 
Master Clock Output 


Bottom Trace: 
Slave Clock Output 


Both: 1 V/CM, 20 ns/CM 


Trace 1: Master 


Trace 2: Slave 1 


Trace 3: Slave 2 


Trace 4: Slave 3 


Vertical: 1 V/CM All 


Figure 23. Oscillator Waveforms: 
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Horizontal: 
Fo = 1 MHz 


Master and Slaves 


APPLICATION NOTE 


Trace 1: Master. 
Trace 2: Slave 1 
Trace 3: Slave 2 ., 


Trace 4: Slave 3 


Vertical: 1 V/CM All 


Horizontal: 20 ns/CM 


Figure 24. Typical Sync Delay at Cy 
Master to Slaves 


Synchronization ranges for the slaves were discussed in 
the previous 'text. The 1 volt sync pulse will accommodate 
most ranges in frequency due to manufacturers’ toler- 
ances. The following photo is included to display the out- 
come of trying to use the sync circuit on slaves with oscilla- 
tor frequencies set beyond the sync circuit range. The 
upper trace is the master Ct waveform. The center trace is 
Ct of a slave free-running at approximately one half that of 
the master. The sync pulse alters the waveform, however 
does not bring it above the comparator's upper threshold 
to force synchronization. The lower trace showsa slave free 
running at approximately twice that of the master’s oscilla- 
tor. In this instance, the sync pulse forces synchronization 
at alternate cycles to the master. 


Top Trace: Master Cr 
F.OSC = 1.0 MHz 


Center Trace: Slave 1 
FOSC = 500 KHz 


Bottom Trace: Slave 2 
FOSC = 1.7 MHz 


Horizontal: 250 ns/CM 


Vertical: 1 WCM All 
Figure 25. Nonsynchronous Operation 


For voltage mode control, the free-running frequencies of 
the oscillator should be set as close to the master as toler- 
ances will allow. One of the consequences of not doing so 
is the reduced amplitude of the Ct waveform, resulting ina 
lower dynamic range to compare against the error ampli- 
fier output. The top trace in the following photo shows that 
slave 1 has a much smailer ramp than slave 2, the lower 
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trace. The arnplitude should be made as large as possible 
to enhance ’circuit perlomnanee: ; 


Centar Face: ‘Slave 2 Tl 


dV Ramp:= 1.75v V2, 
FOSC = F SYNC 


Bottom Trace: Sync 


Figure 26. Cr Ramp Amplitude Waveforms 


Sync Pulse Generation from. - 

the.Oscillator Ct Waveform 

Not every PWM IC is equipped with async output terminal 
from the oscillator. This is certainly the case with most low 
cost, mini-dip PWMs with a limited number of pin, like the 
UC1842/3/4/5. These ICs can provide a sync output with a 
minimum of external components. 


Cofemon: toall PWMs af interest is the timing capacitor, Ct, 
used in the oscillator frequency generation. The universal 
sync circuit previously described triggers from the master 
deadctime, or Ct discharge time. A simple circuit will be 
described to detect this falling edge of the Ct waveform 
and generate the sync pulse required to the slave PWM(s). 


Figure 27. Sync Pulse Generator Circuit _ 


Operating Principles 

Transistor Q1 is an emitter follower to buffer the master 
oscillator circuit, and capacitively couples the falling edge. 
of the timing waveform to the base of Q2. Since the rising 

edge Of the waveform is typically ten or more times slower, 

it does not pass through to Q2, only the falling edge, or 


_ deadtime pulse is coupled. Transistor Q2 inverts this sync 


signal at its collector, which drives Q3, the power stage of 
this circuit. Similar to the universal sync circuit. the slave 
oscillator sections are driven from Q3’s emitter. This circuit 
is useable to several hundred kilohertz with a minimum of 
delays between the master and slave synchronization 
relationship. 
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Top Trace: 
Circuit Input 


Bottom Trace: 
Circuit Output - 
Across 24 Ohms 


Vertical: 0.5 VCM Both Horizontal: 0.5 »S/CM 


Figure 28. Operating Waveforms at 500 KHz 


Top Trace: 
~: Slave CT 


Bottom Trace: 
Master CT 


Vertical: 0.5 V/CM Both 


Horizontal: 0.5 »S/CM 


Figure 29. Master/Slave Sync Waveforms at Cr 


IV. EXTERNALLY CONTROLLING THE PWM 

Many of today's sophisticated control schemes require 
external control of the power supply for various reasons. 
While most of these requirements can be incorporated 
quite easily with a fultfunctioned control chip, (typical of a 
16 pin device), implementation may be more complex with 
a low cost, 8 pin PWM. Circuits to provide these functions 
with a minimum of external parts will be highlighted. 


Shutdown 

One of the most common requirements is to provide a 
complete shutdown of the power supply for certain situa- 
tions ‘like remote on/off, or sequencing. Typically, a TTL 
level input is used to disable the PWM outputs. Both vol- 
tage and current mode control ICs can perform this task by 
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simply pulling the error amplifier output below the lower 
threshold of the PWM comparator of approximately 0.5 
volts. This can be easily implemented via an NPN transistor 
placed between the E/A output and ground, used to short 
circuit the E/A output to zero volts. In most cases, this node 
is internally current limited to prevent failures. 

Another scheme is to pull the current limit or current sense 
input above its upper threshold. A small transistor from this 
input to the reference voltage will fulfill this requirement. 


ACTIVE LOW 


1.2K 
Vv; 
SHUTDOWN BEF 


4.3K 
TTL/CMOS 


A. NONLATCHING 
Figure 30. PWM Shutdown Circuits 


ACTIVE HIGH 


E/A OUTPUT 


PWM 


B. NONLATCHING 
Figure 31. 


Latching Shutdown 

For those applications which require a latching shutdown 
mechanism, an SCR can be used in conjunction with the 
above circuits, or in lieu of them. The SCR can also be 
placed from the PWM E/A output to ground, provided the 
PWM E/A minimum short circuit current is greater than the 
maximum holding current of the SCR, and the voltage 
drop at I(hold) is less than the lower PWM threshold. 
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C. LATCHING 
Figure 32. 


Soft Start ; 
Upon power-up, itis desirable to gradually widen the PWM 
pulse width starting at zero duty cycle. On PWMs without 
an internal soft start control, this can be irriplemented exter- 
nally with three components. An ‘R/C network is used to 
provide the time constant to:control the i limit input or error 
amplifier output. A transistor is also used to isolate the com- 
ponents from the normal operation of either node. It also 
minimizes the loading effects on the RIC time constant by 
amplification through the transistors gain. 


E/A OUTPUT 


B. USING E/A 
Figure 33. 
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Variable Frequency Operation 

Certain topologies and control schemes require the use of 
a variable frequency oscillator in the controlling element. 
However, most PWMs are designed to operate in a fixed 
frequency mode of operation. A simple circuit is presented 
to disable the ICs internal oscillator between pulses, thus 
allowing variable frequency operation. 25h 
Internal at the ICs timing resistor (Rt) terminal is a current 
mirror. The current flowing through Rt is duplicated at the 
Ct terminal during the charge cycle, or “on” time. When the 
Rt terminal is raised to V ref (5 volts), the current mirror is 
turned off, and the oscillator is disabled. This is easily 
switched by a transistor and external logic as the control. - 
element, for example, a pulse generator. The PWM'stiming 
resistor and capacitor should be selected for the maximum 
“ON” time and minimum “DEAD” time of the PWM 
output(s). The-rate at which the PWM oscillator is disabled 
determines the frequency of the output(s). 


The frequency can be varied in two distinct fashions 
depending on the desired control mode and trigger 
source. The “off” time of both outputs will occur on a pulse- 
by-pulse basis when the PWM outputs are OR'd to the trig- 
ger source, In this configuration either output initiates the 
“off” time, triggered by its failing edge. The PWM output A 
is activated, then both outputs A and B are low during the-- 
“off” time of the pulse generator: This is followed by output 
B being activated, then both outputs A.and B low again 
during the next “off” time. This cycle repeats itself at a fre- 
quency determined by the pulse generator circuitry. 


Another method is to introduce the “off” time after two 
(alternate A, then B) output pulses. Output A is activated, 
followed immediately by output B, then the desired “off” 
time. The pulse generator circuitry is triggered by the 
PWM's falling edge of output B. The specific control 
scheme utilized will depend on the power supply topology 
and control requirements. 


Figure 34.' Oscillator Disable Circuit 
Variable Frequency Operation 
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css 
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*GROUND RAMP OR CURRENT SENSE INPUT 
USE NONINV E/A INPUT FOR REVERSE V/F OPERATION 


Fixed “Off-Time”. Applications 

Obtaining a fixed “off-time” and a-variable “on-time” can 
easily be accomplished with most current-mode PWM IC's. 
In these applications, the Rt/ Ct timing components are used 
to generate the “off-time” rather than the traditional “on- 
time.” Implementation is shown schematically in Figure 3 
along with the pertinent waveforms. 
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At the beginning of an oscillator cycle, Ct begins charging 
and the PWM output is turned on. Transistor Q1 is driven 
from the output and also turns on with the PWM output, thus 
discharging Ct and pulling this node to ground. As this 
occurs, the oscillator is “frozen” with the PWM output fully 
ON. On-time can be controlled in the conventional manner 
by comparing the error amplifier output voitage with the 
current sense input voltage. This results in a current con- 
trolled “on-time” and fixed “off-time” mode of operation. 
Other variations are possible with different inputs to the 
current sense input. 


When the PWM output goes low (off), transistor Q1 also tums 
off and Ct begins charging to its upper threshold. The off-time 
generated. by this approach will be longer for a given Rv Ct 
combination than first anticipated using the oscillator “charg- 
ing” equations or curves. Timing capacitor Ct now begins 
charging from Vsat of Q1 (approx. OV) instead of the internal 
oscillator lower threshold of approximately 1. volt. 


FIXED “OFF-TIME”, CURRENT 
CONTROLLED “ON-TIME” 


TO 
ISENSE 
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Vv 
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Figure 35. 
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Current Mode ICs Used in Voltage Mode 

Most of today’s current mode control ICs are second and 
third generation PWMs. Their features include high current 
output driver stages, reduced internal delays through their 
protection circuitry, and vast improvements in the refer- 
ence voltage, oscillator and amplifier sections. In compari- 
son to the first generation ICs (1524), numerous advan- 
tages can be obtained by incorporating a second or third 
generation IC (18XX) into an existing voltage mode design. 


in duty cycle control (voltage mode), pulse width modula- 
tion is attained by comparing the error amplifier output to 
an artificial ramp. The oscillator timing capacitor Ctis used 
to generate a sawtooth waveform on both current or vol- 
tage mode ICs. To utilize a current mode chip in the voltage 
mode, this sawtooth waveform will be input to the current 
sense input for comparison to the error voltage at the PWM 
comparator. This sawtooth will be used to determine pulse 
width instead of the actual primary current in this method. 


Figure 36. Current Mode PWM Used as a 
Voltage Mode PWM 


Compensation of the loop is similar to that of voltage mode, 
however, subtle differences exist. Most of the earlier PWMs 
(15xx) incorporate a transconductance (current) type 
amplifier, and compensation is made from the E/A output 
to ground. Current mode PWMs use a low output resis- 
tance (voltage) amplifier and are compensated accord- 
ingly. For further reference on topologies and compensa- 
tion, consult “Closing the Feedback Loop” listed in this 
appendix. 
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VI. FULL DUTY CYCLE (100%) APPLICATIONS 
Many of the higher power (>500 watt) power supplies 
incorporate the use of a fan to provide cooling for the mag- 
netic components and semiconductors. Other users lo- 
cate fans throughout a computer mainframe, or other 
equipment to circulate the air and keep temperatures from 
skyrocketing. In either case, the power supply designer is 
usually responsible for providing the power and control. 


The popularity of low voltage DC fans has increased 
throughout the industry due to the stringent agency safety 
requirements for high voltage sections of the overall circuit. 
In addition, it’s much easier to satisfy dual AC inputs and 
frequency stipulations with a low cost DC fan, powered by 
a semi-regulated secondary output. 


The most efficient way to regulate the fan motor speed 
(hence temperature) is with pulse width modulation. An 
error signal proportional to temperature can be used as the 
control voltage to the PWM error amplifier. While nearly full 
duty cycle can be easily attained, the circumstances may 
warrant full, or true 100% duty cycle. 


This condition is highly undesirable in a switch-mode 
power supply, therefore most PWM IC designs have gone 
to great extent to prevent 100% duty cycle from occurring. 
There are simple ways to over-ride these safeguards, how- 
ever, One method, presented below, “freezes” the oscilla- 
tor and holds the PWM output in the ON, or high state 
when the circuit is activated. Feedback from the output is 
required to guarantee that the oscillator is stopped while 
the output is high. Without feedback, the oscillator can be 
nulled with the output in either state. 


FULL DUTY SWITCH 4 


Figure 37. Full Duty Cycle Implementation 
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Vil. HIGH EFFICIENCY START-UP CIRCUITS 

FOR BOOTSTRAPPED POWER SUPPLIES — 

Many pulse width modulator !.C.s have been optimized for 
offline use by incorporating an under-voltage lockout cir- 
cuit. Demanding only a milliamp or two until start-up, the 
auxiliary supply voltage (V aux) can be generated by a sim- 
ple resistor/capacitor network from the high voltage dc rail 
(+V dc). Once start-up is reached, the auxiliary power is 
supplied by means of a “boostrap” winding on the main 
transformer. 


While the start-up requirements are quite low, losses in the 
resistor to the high voltage DC can be significant in steady 
state operation. This is especially true for low power (<35 
watt) applications and circuits with high voltage rails (400 
volts DC, for example). Once the main converter is running, 
switching the start-up resistor out of circuit would increase 
efficiency substantially. Circuits have been developed to 
use either bipolar or MOSFET transistors as the switch to 
lower the start-up circuit power consumption, depending 
on the application. Selection can be based on optimizing 
circuit efficiency (MOSFET) or lowest component cost 
(bipolar). The overall improvement in power supply effi- 
ciency suggests this circuitry is a practical enhancement. 
The high efficiency start-up circuit shown in figure 1 utilizes 
two NPN bipolar transistors to switch the start-up resistor in 
and out of circuit. Itcan be used in a variety of applications 
with minor modifications, and requires a minimum of com- 
ponents. Figure 2 displays a similar circuit utilizing N 
channel MOSFET devices to perform the switching. 


Restart 
(1K) 
UPTA 520 


AP! 
WINDING 


Figure 38. NPN Switches 


(90-190v) + Voc 


RsTaRtT 
= 2K 

Qi ; 
IRFD210 FROM 


Figure 39. 
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Theory of Operation 

Prior to applying the high voltage DC, capacitor C1 is dis- 
charged; switches Q1, Q2 and the main converter are off. 
Asthe input supply voltage (Vdc) rises, resistors R1 and R2 
form a low current voltage divider. The voltage developed 
across R2 rises accordingly with +V dc until switch Q1 
turns on, thus charging C1 thru R start-up from +V de. This 
continues as the UV lockout threshold of the I.C. is reached 
and the main converter begins operation. Energy is deli- 
vered to C1 from the bootstrap winding in addition to that 
supplied through R start-up. 


Atter several cycles, the auxiliary voltage rises with the main 
converters increasing pulse width, typical of a soft-start rou- 
tine. Current flows through zener diode D1 and develops a 
voltage across the Q2’s biasing resistor, R3. Transistor Q2 
turns on when the auxiliary voltage reaches V zener plus 
Q2's turn on threshold. As this occurs, transistor Q1 is 
turned off, thus eliminating the start-up resistor from the cir- 
cuit power losses. in most applications, the auxiliary vol- 
tage is optimized between 12 and 15 volts for driving the 
main power MOSFETs, while keeping power dissipation in 
the PWM IC low. 


If the main converter is shut down for some reason, V aux 
will decay until Q2 turns off. Transistor Q1 then turns back 
on, and C1 is charged through R start-up from the high vol- 
tage DC, as during start-up. 

NOTE: SEE DESIGN NOTE DN-26 FOR ADDITIONAL 
CIRCUITS. 


Vili. CURRENT MODE 

HALF BRIDGE APPLICATIONS 

As previously described (1), current mode control can 
cause a “runaway” condition when used with a “soft” cen- 
tered primary power source. The best example of this is the 
half bridge converter using two storage capacitors in series 
from the rectified line voltage. For 110 VAC operation, the 
inputis configured as a voltage doubler, and one of the AC 
inputs is tied directly to the storage capacitor’s centerpoint. 
Thisis considered a “stiff” source, since the centerpoint will 
remain at one-half of the developed voltage between the 
upper and lower rail. However, during 220 VAC inputs, a 
bridge configuration is used for the input rectifiers, and the 
capacitors are placed in series with each other, across the 
bridge. Their centerpoint potential will vary when different 
amounts of charge are removed from the capacitors. This 
is generally caused by uneven storage times in the switch- 
ing transistors Q1.and Q2. 


STIFF CENTERPOINT 


Figure 40. 


APPLICATION NOTE 
SOFT CENTERPOINT 


Figure 41. 


The centerpoint voltage can be maintained at one-half 
+Vdc by the use of a balancing technique. In normal 
operation, transistor Q1 turns on, and the transformer pri- 
mary is placed across one of the high voltage capacitors, 
C1 for example. On alternate cycles the transformer pri- 
mary is across the other cap, C2. An additional balancing 
winding, equal in number in turns to the primary, is wound 
on the transformer. It is connected also to the capacitor 
centerpoint at one end and thru diodes to each supply rail 
at the other end. The phasing is such that it is in series with 
the primary winding through the ON time of either 
transistor Q1 or Q2. ; 


+350 


Figure 42. Schematic - Balancing Winding 


In this configuration, the center point of the high voltage 
caps is forced to one-half of the input DC voltage by nature 
of the two series windings of identical turns. Should the 
midpoint begin to drift, current flows thru the balancing 
winding to compensate. 


Figure 43. Transistor Q1 On 
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Figure 44. Transistor Q2 On 


In most high frequency MOSFET designs, the FET mis- 
matches are small, and the average current in the balanc- 
ing winding is less than 50 milliamps. A small diameter wire 
can be wound next to the larger sized primary for the 
balancing winding with good results. 


IX. PARALLELING CURRENT MODE MODULES 
One of thé numerous advantages of current mode control 
is the ability to easily parallel several power supplies for in- 
creased output power. This discussion is intended as a 
primer course.:to explore the basic implementation 
scheme and design considerations of paralleling the 
power modules. Redundant operation, failure modes and 
their considerations are not included in this text. 


The prerequisites for parallel operation are few in number, 
but important to insure proper operation. First, each power 
supply module must be current mode controlled, and 
capable of supplying its share of the total output power All 
modules must be synchronized together, and one unit can 
be designated as the master for the sake of simplicity, All 
remaining units will be configured as slaves. 

The master will perform one function in addition to gen- 
erating the operating frequency. ‘It provides a common 
error voltage (Ve) to all modules as the input to the PWM 
comparator. This voltage is compared to the individual 
module's primary current at its PWM comparator. The 
Slaves are utilized with their error amplifier configured in 
unity gain. Assume there are identical primary current 
sense resistors in each module, and no internal offsets in 
the ICs amplifiers or other circuit components. In this case, 
the output voltages and currents of each module would be 
identical, and the load would be shared equally among the 


modules. 
7 VE + 20mV 


PWM COMPARATOR 


Ve + 10mV 


Vr = Ip * Rg (45%) 
ERROR AMPLIFIER 


Figure 45. PWM Diagram 


APPLICATION NOTE 


In reality, small offets of + 10 millivolts exist in each PWM 
amplifier and comparator. As the common error voltage, 
(Ve) traverses through the IC’s circuitry, its accuracy de- 
creases by the number and quality of gates in its path. The 
maximum error occurs at the lowest common mode ampli- 
fier voltage, approximately 1 volt. The +20 millivolt offset 
represents a + 2% error at the PWM comparator. At higher 
common mode voltages, typical of full load conditions, the 
error voltage (Ve) is closer to its maximum of 4 volts. Here 
thesame + 20 millivolts introduces only + 0.5% error tothe 
signal. 


The other input to the PWM comparator, Vr, is the voltage 
developed by the primary current flowing through the cur- 
rent sense resistor(s). In many applications, a 5% tolerance 
resistor is utilized resulting in a +5% error at the PWM 
comparator’s “current sense” or ramp input. 


Pulse wicth is determined by comparing the error voltage 
(Ve) with the current sense voltage, (Vr). When equal, the 
primary current is therefore the error voltage divided by the 
current sense resistance; |p = Ve/Rs. Output current is 
related to the primary current by the turns ratio (N) of the 
transformer. Sharing of the load, or total output current is 
directly proportional to the sharing of the total primary cur- 
rent. The previous equations and values can be used to 
determine the percentage of sharing between modules. 


Au2 “1 5 Qe 
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Primary current, lp = Ve/Rs. Introducing the tolerances, 
Ip’ = Ve (42%) / Rs (+ 5%); therefore Ip’ = Ip (+ 7%) 
The primary currents (hence output currents) will share 
within + seven percent (7%) of nominal using a five per- 
cent sense resistor. Clearly, the major contribution is from 
the current sense circuitry, and the PWM IC offsets are 
minimal. Balancing can be improved by switching to a 
tighter tolerance resistor in the current sense circuitry. 


The. control-to-output gain (K) decreases with increasing 
load. At high loads, when primary currents are high, so is 
the error amplifier output voltage, (Ve). With a typical value 
of four volts, the effects of the offset voltages are minimized. 
This helps to promote equal sharing of the load at full 
power, which is the intent behind paralleling several 
modules. 


For demonstration purposes, four current mode push-pull 
power supplies were run in parallel at full power. The pri- 
mary current of each was measured (lower traces) and 
compared to a precision 1 volt reference (upper trace). The 
voltage differential between traces is displayed in the 
upper right hand corner of the photos. Using closely 
matched sense resistors, the peak primary currents varied 
from a low of 2.230A to 2.299 amps. Calculating a mean 
value of 2.270 amps, the individual primary currents 
shared within two percent, indicative of the sense resistor 
tolerances. i ; : 


1.000 


Unit 3 


Figure 46. Primary Currents — Parallel Operation 
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Other factors contributing to mismatch of output power are 
the individual power supply diode voltage drops. The out- 
put choke inductance reflects back to the primary current 
sense, and any tolerances associated with it will alter the 
primary current slope; hence current. In the contro! sec- 
tion, the peak-to-peak voltage swing at the timing capacitor 
Ct effects the amount of slope compensation introduced, 
along with the tolerance of the summing resistor. These 
mustall be accounted for to calculate the actual worst case 
current sharing capability of the circuit. 


Top Trace: 

- Ve: Error Voltage 
with Noise 

Lower Trace: 
Vr: Primary 
Current 


Figure 47. Noise Modulating Ve 


Proper layout of all interconnecting wires is required to 
insure optimum performance. Shielded coax cable is 
recommended for distributing the error voltage among the 
modules. Any noise on this line will demonstrate its impact. 
at the PWM comparator, resulting in poor load sharing, or 
jitter. 


Unitrode Integrated Circuits Corporation 
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Cables should be of equal length, originating at the 
master and routed away from any noise sources, like the 
high’ véltage switching section. Ail input and output power 
leads should be exactly the same length and wire gauge, © 


.. connected together at ONE single point. Leads should be 


treated as resistors in series with the load, and deviations 
in length will result in different currents delivered from each 
module. 


WLLEL 


oror 


Figure 48. 
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A HIGH PRECISION PWM TRANSCONDUCTANCE AMPLIFIER 
FOR MICROSTEPPING USING UNITRODE’S UC3637 


INTRODUCTION 


If you ask a designer why he has chosen a stepping mo- 
tor for a given application, chances are that his answer 
will include something about ‘‘open loop positioning.” 
Stepping motors can provide accurate positioning without 
expensive position sensors and feedback loops, and this 
fact alone results in large savings. 


But there is more: steppers are tough and durable, easy 
to usezand high in power rate. And if you want to close a 
feedback loop around them, you can do that, too. 


Still, there are certain problems. Steppers are incremental 
motion machines, and as such they tend to be noisy and 


MODEL P532 


MODEL P750 


OETENT TORQUE 


are prone to behave erratically under certain conditions; 
for example, when the stepping rate is such as to excite a 
mechnical or electro-mechanical resonant mode. Further- 
more, although the angular increments may be small—es- 
pecially when half-stepping is used—the positioning reso- 
tution is restricted to a finite number of discrete points. 


Therefore, this question arises: “Ig there a method of driv- 
ing stepping motors such that the resulting movement is 
smooth and quiet—that is, essentially continuous, as op- 
posed to incremental? And would this result in improved 
positioning resolution?’’ We will try to answer these ques- 
tions here.**’ 


HOLDING TORQUE AND DETENT TORQUE 
TORQUE DUE TO THE CURRENT 


SINUDOIDAL HOLDING TORQUE 


LOW DETENT TORQUE 


2x TORQUE LOSSES 
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Figure 1. Static Torque Curves of Two Hybird Steppers 


STATIC TORQUE CURVES 


The curves in Figure 1 illustrate how a stepping motor 
torque behaves-as a function of rotor angle. The detent 
torque component is a consequence of the magnetic field 
produced by the rotor magnet (or magnets), and is pres- 
‘ent with or without phase currents applied. It can be seen 
that this component contributes a fourth harmonic distor- 
tion to the static torque curves. The energized torque 
curves, in general, have additional harmonic components, 
mostly the third and fifth. Note that the two motors. depict- 
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ed in Figure 1 have very different characteristics in this re- 
spect. The distortion observed in the static torque charac- 
teristic is of no great consequence in the more usual ap- 
plications of stepping motors, using either full step or half 
step sequences. it is when we start thinking about in- 
creasing the positioning resolution of these motors by 
some method of apportioning currents between the two 
phases, that we begin to be concerned about the effects 
of harmonic distortion. Even smail amounts of added har- 
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monics can have a very noticeable effect on the wave- 
shape, as shown in Figure 2. ' 
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Figure 2. Effect of 10% and 20% Harmonic Content 


Figure 3 shows the relationship between sine and cosine 
waveforms, and what it tells us is that if we can get a mo- 
tor with a sinusoidal.static torque characteristic—i.e., with 

“no harmanic components—and drive phase A with a sine 
current function and phase B with a cosine current func- 
tion, we would have smooth shaft rotation and accurate 
positioning at any angle. 


PHASE B CURRENT 
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Stepping motors having static torque curves with very low 
harmonic distortion are commercially available today.. But 
most low-priced, mass produced hybrid steppers exhibit 
torque curves with enough harmonic components to re- 
quire careful consideration in any attempt to improve reso- 
lution by what is known as microstepping. (The name mi- 
crostepping originates from the fact that the required cur- 
rent waveforms are generated by a digital process that 
aproximates those waveforms incrementally. With thirty- 


‘two or sixty-four increments for an electical angle of 7/2 


radians, the resulting waveforms are hardly distinguishable 
from true sine or cosine signals.) 


If the nonsinusoidal static characteristic of a given motor 
is known, it is possible to generate appropriate wave- 
shapes for the phase currents so that the resulting torque 
curve becomes free of distortion, as required. Note that 
this involves no additional. complexities, since it is just as 
easy—or difficult—to synthesize one waveform as anoth- 
er. Consequently, one can, in principle, linearize any mo- 
tor for increased resolution and smoothness through mi- 
crostepping. 


Still, it should be noted that the best efficiency is obtained 
when the phase current waveshapes are undistorted, be- 
cause of all suitable waveforms, the sine wave has the 
lowest form-factor. 


Rcos® 
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Figure 3. The sum of sine and cosine waveforms is a smoothly rotating vector. 
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The form-factor of a waveform is the ratio if its rms to av- 
erage values. For a sine wave, this ratio is: 

0.707 
1) fig = —— = 1.111 
(1) fis = 9 637 
Some manufacturers have used triangular waveforms— 
largely because they can be implemented with great sim- 
plicity—and it is interesting to note that for such a wave- 
form, the average value is 0.5 Vpx, while the rms is 0.577 
Vpx: Thus the form factor is: 

0.577 
2) ffr = —— = 1.155 
(2) fit 05 
As a consequence, for the same peak power applied to 
the motor, the rms power of a triangular waveform is 18% 
less than that of a sine wave, whereas the average cur- 
rent is 21% less. It follows that microstepping with a trian- 
gular waveform does not use the full capabilities of the 
motor. ; 


The same result is obtained with other-waveforms, as long 
as the peak power is limited, as it must be. 


But regardiess of all this, the fact remains that whether 
our motor has a sinusoidal torque curve or a very distort- 
ed one, the thing that will be inevitably required will be 
two amplifiers capable of converting the synthesized 
waveform into phase currents at the required power lev- 
els. |n the next section, we will describe the design of one 
such amplifier, having a transconductance linearity of bet- 
ter than 1% and capable of delivering phase currents of 
up to 6A. 


UNITRODE’S. UC3637 PWM CONTROLLER 


Pulse width modulation (PWM) is a method of power con- 
trol whose most attractive feature is the high level of effi- 
ciency that can be obtained. With careful design, and us- 
ing power MOSFETs as output switches, one can easily 
achieve efficiencies higher than 80%. 


The Unitrode UC3637 PWM controller, housed in an eigh- 
teen-pin DIL package, was originally intended to serve as 
a PWM amplifier for brush-type PM servomotors. But, be- 
cause of its ingenious design, the device has found its 
way into various other uses as well, such as temperature 
control, uninterruptible power supplies, and even high fi- 
delity sound reproduction. As we shall see, it can also be 
used in a high performance PWM transconductance am- 
plifier. 


BLOCK DIAGRAM AND LOOP EQUATIONS 


A block diagram of the current feedback loop under con- 
sideration is shown in Figure 4, where the UC3637 is seen 
to contain the high-gain error amplifier and the main ingre- 
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dients of the PWM amplifier. Since we are looking for an 
output of 6A, an H-bridge power stage must be added. 
The motor current I\y is sensed by means of a low value 
resistor Rs, and the derived voltage Vc is used to com- 
plete the feedback loop. Not shown in the block diagram 
is the back-EMF voltage, the product of motor shaft 
speed and Ky, the motor speed constant. Since this term 
does not contribute to the dynamics of the current feed- 
back loop, it has purposely been left out. 


ERROR AMPL. 


Vin 


UC36372 


wees ene ees eneone 
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Ry 


0017-4 
Figure 4. Block Diagram of the Complete Current- 
Controt Loop 


The transfer functions of the error amplifier and motor are 
as follows: 


Af 1+ sRC 
(3) sO_ _ tts’ 

Vo sR1iC 

Im 1 
4) Se 
4) Ve Re(i + sTm) 


where Ty = Ly/Rw, the motor’s electrical time-constant 

(Rg is assumed to be low compared with Ry). The for- 

ward transfer function is, then: 

—Ka, Kg (1 + SRC) 

(5) G(s) = —A-“8 = 

sRiRmC (1 +sTm) 

For the feedback transfer functions, we have simply: 
V 

(6) H(s) = 2 = 
M 


Thus, for the closed ioop, 


Im Ka Kg (1 + SRC) 


7 —_—_ === 
7) Vin. KakpkKc(1 +sRC) + sRyRyC (1 + sTm) 
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If we make the time-constant RC equal to the motor’s 
time-constant Thy, this becomes: 


(ey = —_Kakn 

™ Kakpke + sRyRyC 
(9) _M=—_1 

vt Ko (1 + sTy) 
where, 
(10) T, = RyRMC _ Rilu 

K, AKBKo KaKgkcR 

By making RC = Tw, we have eliminated one of the 


transfer function poles. The resulting closed-loop re- 
sponse, described by (7) has a gain of 1/Kc from w = 0 
to w = 1/T;, and drops at —6 bd/octave thereafter. 


DESIGNING THE HARDWARE 


In designing circuits intended to handle power, it is cus- 


tomary to start with the output stage. This is surely due to 
the fact that the power stage is more demanding of the 
designer's attention and care, whereas the low level cir- 


cuits are far more adaptable to the requrements, of the 


chosen output configuration. 


In the present case, power MOSFETs were chosen for 
the H-bridge because of their low losses, and because of 
their compatibility with the UC3637 outputs. Each totem- 
pole leg of the bridge is made up of one N-channel and 
one P-channel device. Such a pair can be driven in many 
different ways, of which several were considered for this 
particular design. The method that was finally chosen, 
shown in Figure 5, requires a few comments. 


TO OTHER 
STAGES 
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Figure 5. Totem-Pole Leg of Output H-Bridge 


9-155 


U-112 


The first thing to notice is that the upper MOSFET, tran- 
sistor QP, has its gate driven through a capacitor, C1. This 
is not always practical of course, but in the case of a 
chopper drive combined with a stepping motor, it turns out 
that a driving signal is always present. At stand-still and at 
low speeds, it is the chopping rate that appears; at higher 
speeds, it is the stepping rate itself, or both. The driver is 
never required to deliver continuous DC (unchopped) to 
the motor winding, as it would to the armature of a brush- 
type DC motor at full speed. Consequently, QP never 
needs to be held in the ON state for more than a few mi- 
croseconds, and for this the time constant of C1 R4 is ad- 
equate. Also, resistor Ra in parallel with CR, together 
with the gate capacitance of QN, cause this transistor to 
turn off faster than it turns ON. Since the same thing is 
done for QP, the problem of cross-conduction is neatly 
taken care of. The Zener diode CR3 serves as a clamp 
for the QP gate voltage. Finally, an inhibiting line, INH, is 
provided as a protection for QP and QN during the power 
turn-on time, when the + Vy voltage is rising and C1 must 
be charged. An auxiliary circuit senses a positive dV,y4/dt 
and holds the INH line low, thus keeping QN OFF during 
this time. 


An important point in favor of this arrangement is that the 
gate-drive circuit losses are independent of Vy and so 
this voltage can be set anywhere within the Vds rating of 
the power MOSFETs. 


We can now consider the H-bridge with its motor winding 
toad, as shown in Figure 6. The bridge is shown schemati- 
cally with its driving circuits, but the action is still as 
shown in Figure 5. For example, when Vin is high, switch 
$1 is OFF and S3 is ON, and so forth. Furthermore, the 
opposite side of the bridge is driven by the complementa- 
ry signal Vix. With Vin low, S1 and S4 will be conducting, 
and the load current I\y will increase in the positive direc- 
tion (indicated by the +1 arrow). Similarly, when Viy is 
high, both S2 and S3 conduct, causing Ixy to increase in 
the negative direction. Remember that the toad is induc- 
tive, and that inductance is an energy storing element. 
Therefore, if we have some positive I, due to S1 and S4 
being closed, and we switch to S2 and S3 closed, the 
previous value of |hy will continue to flow “uphill,” so to 
speak, while decreasing. At the time of switching, this cur- 
rent ceases to flow down through sense resistor Rsq4 to 
ground and starts ee up through Rsg3 and back to the 
supply. 


Switches S1 through S4 are able to conduct in either’ di- 
rection when in the ON state—a very neat feature of pow- 
er MOSFETs. Furthermore, their intrinsic diode protects 
the devices from reverse voltage pulses during the switch- 
ing no-overlap transition. Since we wish to control this 
current very “closely in both magnitude and direction, it is 
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Figure 6. H-Bridge Configuration with Bidirectional Current Sensing 


now necessary to generate a voltage Vc that gives an ac- 
curate indication of the current Ij over the full range from 
maximum positive to maximum negative. This is. done by 
the circuit section of Figure 6 which includes the op-amp 
Al. : 


In that circuit, the voltage Vos is meant to offset the out- 
put Vc of A1 to some chosen value that will correspond 
to IM = 0. The value of Vc can be written as: 


(11) Ve = Vos + nivRs 


This offset is necessary when the design requires a single 
polarity supply, as in our case. When two supply polarities 
are available for the control circuit, one can simply make 
Vos = 0. For the single supply case, the nR and Vos 
combination is implemented by a.simple resistor divider 
from +Voco to ground (a Thevenin equivalent) of the re- 
quired impedance and open voltage. 


To keep the circuit losses to a minimum, we should use 
low values for the sense resistors Rg3 and Rgq. Yet, they 
need to be accurate and temperature-stable. In our case, 
having decided on a Vc scale of 0.5V per motor ampere, 
we have selected Rg = 0.12 and a current sense amplifi- 
er gain n = 5. We have also set Vog = Voc/2 = 7.5V, 
so that we will have Vo = 7.5 + 0.5 ly. This means that 
as the current !y varies from +6A to —6A, the analog 
voltage Vc will vary from +10.5V to +4.5V. At Iv 0, 
Vc will be equal to 7.5V. 
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SETTING UP THE PWM CONTROLLER 


Having designed the power output stage (H-bridge) and 
the current-sense circuit, we can proceed to the PWM 
controller (UC3637) and its external components. The de- 
vice itself has been described in great detail in its data 
sheet and in an application note (Publication U-102, avail- 
able from Unitrode Integrated Circuits Corporation). 


In the present design, we use the UC3637 to generate the 
two H-bridge driving signals Vij and Vix, at the device’s 
output pins 7 and 4, respectively. 


Figure 7 shows in block form the internal workings of the 
device. Since operation from a single + 15V supply is de- 
sired, pin 5 will be GROUND and pin 6 will be + 15V. We 
selected, for the ramp oscillator, a waveform as shown in 
Figure 8, which fits well in the. + 15V headroom given by 
our Voc supply. The formulas given in Figure 8 show how 
the various components are calculated. 


Next, we set up the two PWM comparators by tying the 
inverting inputs (pin 10) of the A comparator, and the non- 
inverting input (pin 8) of the B comparator together and 
apply the ramp (pin 2) to this line. The remaining compar- 
ator inputs (pins 9 and 11) are next connected together to 
become the PWM input point. It can be seen from the 
block diagram of Figure 7 that as the control voltage ap- 
plied to this point varies from +5V to +10V, the duty cy- 
cle of the output at pins 4 and 7 also varies. V4 and V7 
are complementary signals; and the voltage swing of each 
of these signals is from a low value between OV and 
+ 2V, and a high value between (Vcc —2V) and Vcc. 
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Figure 7. Block Diagram of the UC3637. The two outputs can drive power MOSFETs directly. 
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_ ft = ramp frequency 
1; = 8 = 2 (should be about 0.5 mA) 
T 


Rr 
then, Rr = 2000 V; (0) 
250 x 10-6 
= fd 
TV 


Figure 8. Setting up the ramp oscillator requires only five external components. 
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Figure 9. PWM Transconductance Amplifier UC3637 


The error amplifier is used as a source for the control sig- 
nal. But because its output (pin 17) has a voltage range 
greater than the +5V to +10V range of the Vc ramp sig- 
nal, and we want to prevent the modulation range from 
ever reaching 0% or 100% (because of. the capacitively 
coupled P-channel MOSFET devices) we add a simple re- 
sistive network consisting of three equal resistors to serve 
as an attenuator. The final result can be seen in the com- 
plete schematic of Figure 9. 


CURRENT LIMIT AND CONTROL 


The current limit feature of the UC3637 is used to protect 
the output transistors and motor from excessive current 
(6A in this case). As the block diagram of Figure 7 shows, 
the current limit comparator (pins 12 and 13) of the 
UC3637 is internally biased to a threshold of 200 mV. The 
network that connects the two sense resistors to pin 12, 
consisting of two 1K and one 3302 resistors, causes a 
voltage of 200 mV to appear at pin 12 when the voltage 
at either sense resistor is about 1V, corresponding to a 


current of 10A. Consequently, the maximum output cur- 
rent will be limited to 10A. The current feedback loop is 
closed by feeding the output of the current sense amplifier 
to pin 16, the inverting input of the error amplifier of the 
UC3637. An RC time constant of 3.6 msec is used for the 
zero in this amplifier’s transfer function (equations 8, 9, 
and 10) which is close to the effective electrical time con- 
stant of the motor. Also, a level-shift circuit is provided by 
means of op amp A2 to permit the use of a control input 
centered at zero volts, and a control range from —6A to 
+6A. The circuit allows this even though the op amp is 
powered by a single positive supply. : 


TEST RESULTS 


The design circuit, shown in Figure 9, was breadboarded 
for testing at Unitrode and also at Portescap. The assem- 
bly includes two amplifiers, one for each motor phase and 
a “power on” auxiliary circuit for protection of the power 
MOSFETs. The output devices are equipped with small 
sheet metal heat sinks. 


APPLICATION NOTE 


The circuit draws about 65 mA from the +15V supply. 
The power output section operates with a supply ranging 
from +20V to +60V, with no damage occurring if ths 
voltage is lower than + 20V. 


The circuit performed very well, with excellent linearity and 
phase matching. The various plots taken, showing output 
current versus input voltage, are quite straight, and the 
transconductance is accurate to within 1%. Further- 
more, the PWM frequency was subsequently increased to 
slightly above 100 KHz (by reducing Cr) and the perform- 
ance re-checked. The result was a marked increase in 
motor efficiency, due to reduced current ripple, with all 
other results remaining excellent. 


Unitrode Integrated Circuits Corporation 


U-112 


CONCLUSION 


Microstepping is a technique of considerable interest in 
the design of many products, particularly those in which 
the lower cost of open-loop positioning is an essential pa- 
rameter. A motor such as Portescap’s Model P-750, with 
its accurately sinusoidal torque curve, becomes even 
more attractive once its microstepping driver is shown to 
be fairly simple and inexpensive. The end result is not 
only precise. open loop positioning, but quiet operation, 
freedom from resonance problems, and excellent electri- 
cal efficiency. Incidentally, the motor is available with two 
quadrature speed sensing coils that can be used for 
speed and position control, if desired. 
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DESIGN NOTES ON PRECISION PHASE LOCKED SPEED 
CONTROL FOR DC MOTORS 


ABSTRACT 


There are a number of high volume applications for DC 
motors that require precision control of the motor’s speed. 
Phase locked loop techniques are well suited to provide 
this control by phase locking the motor to a stable and 
accurate reference frequency. In this paper, the small sig- 
nal characteristics, and several large signal effects, of 
these loops are considered. Models are given for the loop 
with design equations for determining loop bandwidth and 
stability. Both voltage and current motor drive schemes 
are addressed. The design of a loop for a three phase 
brushless motor is presented. 


PHASE LOCKING GIVES PRECISION SPEED 
CONTROL 


The precise control of motor speed is a critical function in 
today’s disc drives. Other data storage equipment, includ- 
ing 9 track tape drives, precision recording equipment, 
and optical disc systems also require motor speed control. 
As the storage density requirements increase for these 
media, so does the precision required in controlling the 
speed of the media past the read/write mechanism. One 
of the best methods for achieving speed control of a mo- 
tor is to employ a phase locked loop. 


With a phase locked loop, a motor’s speed: is controlled 
by forcing it to track a reference frequency. The reference 
input to the phase locked loop can be derived from a pre- 
cision crystal controlled source, or any frequency source 
with the required stability and accuracy. A block diagram 
of the phase locked loop is shown in Figure 1. 


REFERENCE 
OSCILLATOR 


Kpp (VOLTAGE) 
Gpp (CURRENT) 


ROTATIONAL FEEDBACK 


0018-1 
Figure 1. Precise motor speed control is obtained by phase locking 
the motor to a precision reference frequency. 
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In Figure 1, a precision crystal oscillator’s frequency is 
digitally divided down to provide a fixed reference frequen- 
cy. Alternatively, the motor could be forced to track a vari- 
able frequency source with zero frequency error. The mo- 
tor speed is sensed by either a separate speed winding~ 
or, particularly in the case of the DC brushless motor, a 
Hall effect device. The two signals, motor speed and ref- 
erence frequency, are inputs to a phase detector. The de- 
tector output is a voltage signal that is a function of the 
phase error between the two inputs. The transfer function 
of the phase detector, Ky, is expressed in volts/radian. A 
1/s multiplier accounts for the conversion of frequency to 
phase, since phase is the time integral of frequency. 


Following the phase detector is the loop filter. This block 
contains the required gain and filtering to set the loop’s 
overall bandwidth and meet the necessary stability criteria. 
The output of the loop filter is the control input to the mo- 
tor drive. Depending on the type of drive used, voltage or 
current, the driver will have respectively, a Vout/ViNn 
transfer characteristic, or an |oy7/Vin transconductance. 


At first glance, it seems that the motor has simply re- 
placed the Vco (voltage controlled oscillator), in the clas- 
sic phase locked loop. In fact, it is a little more complicat- 
ed. The mechanical and electrical time constants of the 
motor come into play, making the transfer function of the 
motor more than just a voltage-in, frequency-out block. In 
order to analyze the loop’s small and large signal behav- 
ior it is essential to have an equivalent electrical model for 
the motor. 


A SIMPLE ELECTRICAL MODEL FOR A DC 
MOTOR 


Figure 2 is an electrical representation of a DC motor. The 
terms used are defined here: 


Motor winding inductance in henrys 

Motor winding resistance in. Ns 

Total moment of inertia of the motor in Nm-sec2 
(Note: 1 Nm = 141.6 0z-in) 

Motor torque constant in Nm/Amp 

Voltage constant (back EMF) of motor in voltage- 
sec/rad 

(Note: Ky = Kr in Sl units) 
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*N = Number of speed sense 
cycles per motor revolution 


Figure 2. This simple electrical model Is useful for determining the 
small and large signal characteristics of the motor. 
Capacitor, Cy is used to model the mechanical energy 
storage of the motor. 


In this model the winding inductance and resistance ele- 
ments correlate directly with the corresponding physical 
parameters of the motor, with values taken directly off the 
manufacturer’s data sheet. The capacitor, Cy, models the 
mechanical energy storage of the motor. Current into the 
_. capacitor equates, via motor constant Kr, to. motor torque, 
and the voltage across the capacitor is equal to the motor 
back EMF. The: back EMF voltage equates to motor ve- 
locity through the inverse of Ky. In the-model, the term N 
is simply a multiplier equal to the number of feedback cy- 
cles obtained per revolution of the motor. For example, in 
a 4 pole brushless DC motor the commutation Hall effect 
device outputs will be at twice the rotational frequency of 
the motor, making N equal to 2. 


The equation for the capacitor, given in Figure 2, has the 
units of Farads if J and Ky are expressed in SI units. In 
modeling the overall transfer characteristic, it is important 
that the moment of inertia of the load on the motor be 
added to the moment of inertia of the motor itself. 


It is worthwhile to note that the current into the motor, mi- 
nus idling current, is proportional to acceleration of the 
motor. This is easily seen from the model by realizing that 
the time derivative of the capacitor voltage relates directly 
to acceleration. The effects of loads on the motor can be 
modeied by including a current source across the capaci- 
tor for constant torque loads, or a resistor for loads that 
are linearly proportional to motor speed. 


TRANSFER FUNCTIONS FOR VOLTAGE AND 
CURRENT DRIVEN MOTORS 

Using the electrical model, the small signal transfer func- 
tion of the motor is easily derived. Equations 1a and 1b 


give the small signal frequency response for both the cur- 
rent and voltage driven cases respectively. 


NX ow(s)_N1 


la = 
im(s) Ky sCy 
x N 
oT a iL a 
va(s) Ky 1+ sCyRy + s2LyCy 
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The transfer function given in equation (1a) describes the 
smail signal response of motor speed, w)y(s), to changes 
in the drive current. Equation (1b) relates the dependence 
of motor speed to motor drive voltage. 


The small signal response of the motor for the current 
driven case has a DC pole that results from the relation- 
ship of motor torque to velocity, that is, motor velocity is 
proportional to the integral of motor torque over time. In- 
the current driven motor neither the winding resistance 
nor inductance appear in the transfer function. This is be- 
cause these elements are in series with the current 
source output of the driver stage. As long as the output 
impedance of the driver remains large relative to the im- 
pedance of these elements, the resistance and induc- 
tance of the motor will have a negligible effect on the 
small signal response. 


The voltage driven response has a second order charac- 
teristic that results from the interaction of the series RLC. 
In many cases the transfer function of the voltage driven 
case can be simplified. If the quality factor of the series 
RLC of the motor model is much less than one, as de- 
fined in equation 2, then the response of the motor can 
be accurately approximated by equation 3. 


4 fe ke fon 
i Ru VCm Ru V J 
“Qu <1 If Ry > kr 
3) ForQy < 1 
N X wym(s) * N 1 
va(S) Ky = (1 + sCyRy) (1 + sLiy/Re) 


CONSIDERING THE WHOLE LOOP . 


Figure 3 shows the complete speed control loop for the 
current driven case. The overall open loop response, 
Ao.c: is easily written. 


Kg X KiF (s) X Gep < N 
s2Cy X Ky 


4) Aorc(s) = 


Iw=%*Gpp 


0018-3 
*N = Number of feedback cycles per motor revolution 
Figure 3. In this phase locked loop, with current mode drive to the 
motor, the motor winding resistance and inductance can 
be ignored as long as the current driver maintains a high - 
output impedance. 


APPLICATION NOTE 


For this loop, note that there are two poles in the re- 
sponse at DC, i.e., s =0. One pole is due to the response 
of the current driven motor, the second pole is from the 
frequency to phase transformation of the phase detector. 
The 180 degrees of phase shift this pair of poles intro- 
duce force a phase lead configuration of the loop filter ‘in 
order to obtain a loop phase margin greater than zero. 


The complete voltage loop is shown in Figure 4, and its 
open loop response, Aoi y(s), in equation 5. 


Ky < Kr(s) X Kpp X N 
sKy X (1 + sCyReu + s2 LyCy) 


\ 


5) Aorv(s) = 


um =Kpp*u 


*N = Number of 
feedback cycles per 
motor revolution 


Figure 4. With voltage mode drive to the motor the electrical time 
constant of the motor plays a part in the small signal 
response of the speed control loop. 


This response has only one pole at DC, although the total 
number of poles is three versus two for the current driven 
case. For most motors, particularly those used in constant 
velocity applications, this transfer function can be simpli- 
fied by applying the results of equations 2 and 3. This is 
best illustrated by looking at an example. Consider the fol- 
lowing motor, (typical 3-phase brushless for disc drive ap- 
plications): 


Ks Sas cee eh Sheets Heise aainttencees 1.5 x 10-2 Nm/Amp 


Kye akon cislese4 eye ore aaa ee eeiva plaverite 1.5 X 10-2 V-sec/rad 
J (including platters) ................ 1 X 10-3 Nm-sec2 
FS eich coir ae eats RE ee a alee ae tiae 2.50. 
LeMgseds cep ekea tanh ta ends tase ote eet eet ce eae 2mH 
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For this motor, the model capacitor, Cry, is calculated us- 
ing the equation in Figure 2 to be equal to 4.4 Farads. If 
we calculate the quality factor of the series RLC, using 
equation 2, we find it is equal to 42.4 x 10~3. This is 
considerably less than one, and the response closely ap- 
proximates the non-complex response of equation 3 with 
poles at 0.014 Hz and 199 Hz. 


Typical loop bandwidths will falf well inside this range of 
frequencies. As long as this is true, the loop response 
with a voltage driven motor can be approximated by: 


Kp X KirF(s) X Kpp/Ry x N 
oye 
t< —M 


IfQu < 1 and —— 
M 27LkLm 


ga te (f= 1) 
27rCuRu 2a 

This expression is the same as the current driven re- 
sponse, equation 4, with the transconductance of the cur- 
rent drive stage, Gpp, replaced by the gain of the voltage 
drive stage divided by the motor winding resistance, 
Kpp/Rm. 


CLOSING THE LOOP 


When it comes to closing the loop the goal is to have a-- 
stable loop with the required loop bandwidth. The vari- 
ables that must be considered are: 


1) The motor 

2) The power driver, type and gain 
3) The phase detector gain 

4) Loop bandwidth 

5) The loop filter 


The first four of the above variables are usually dictated 
by conditions other than the stabilizing of the loop. This 
leaves the loop filter.as the tool for achieving the small 
signal loop requirements. 


For many cases involving constant velocity loops for DC 
motor speed control, the following simple Bode analysis 
can be applied for determining the design of the loop fil- 
ter. Assuming we know, or have preliminary guesses for 
the first four variables listed above, we can plot the Bode 
asymptotes for phase and gain of the combined response 
of the motor and power driver. Figure 5 shows, for a typi- 
cal case, such a plot on a frequency scale that has been 
normalized to the desired loop bandwidth, or open loop 
unity gain frequency. This figure illustrates the small signal 
open loop response for the current driven case, equation 
4, minus the response of the loop filter, Ke. If the previ- 
ously noted assumptions hold, this plot will also apply to 
the voltage driven case i:e., equation 6. 
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Figure 5. A Bode plot of the combined gain and phase response of 


the motor, motor drive, and phase dectector Is useful in 
determining the requirements on the loop fitter. This plot 
Is normalized to the desired open loop unity gain 
frequency. 


From Figure 5 two restrictions on the loop filter are readily . 


apparent. First, since the remiaining portion of the loop 
has 180° of phase shift over the entire frequency range, 
the loop filter must have a phase lead at the unity gain 
frequency and at all frequencies below the unity gain fre- 
quency. By meeting this restriction the small signal loop 
will be unconditionally stable. 


Secondly, in order to achieve the desired loop bandwidth, 
the loop filter must have a voltage gain at the desired uni- 
ty gain frequency of 30 dB. This level is simply the inverse 
of the remaining loop’s voltage gain at the unity gain fre- 
quency. : 


A loop filter configuration that will meet these restrictions 
is shown in Figure 6. Also shown in this figure is the smail 
signal response equation for the filter. The response 
starts out from DC with a flat inverting gain that breaks 
upward at the zero frequency, wz, and then flattens out 
again at the pole, wp. The pole in this response is neces- 
sary to prevent excess feedthrough of residual reference 
frequency that is present at the outputs of many digital 
type phase detectors—in fact, as will be discussed in the 
design example, a separate reference filter is normally re- 
quired. 


A good choice for the relative positioning of the pole and 
zero of the loop filter response is to space them apart by 
1 decade of frequency, and center them around the unity 
gain frequency. Figure 7 shows the Bode plots of this sug- 
gested positioning applied to the case illustrated in Figure 
5. As shown, a phase margin of about 45° is obtained with 
this configuration. 
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Figure 6. This loop filter configuration provides the required phase 
ead and gain at the loop crossover frequency. 
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Figure 7. Using the criteria set forth for the design of the loop 


fitter, the resulting Bode plot indicates a phase margin of 
45°. 


If the above results are acceptable, then the following 
simple steps can be applied to pick the loop amplifier 
component values. Referring to Figure 6. 


APPLICATION NOTE 


1) Pick Rg to be as high in value as acceptable for the 
Op-Amp and board restrictions. 


2) Ri = (Rg X 3.33)/10%/20, where X is the voltage gain, 
in dB, required at the unity gain frequency. 


3) Ro = R;/9, sets a 10:1 ratio for wp to wz. 


4) Cy = (2m X Re X 3.33 X f,)—1, where f, is the loop 
unity gain frequency. 


Using this simple procedure the small signal loop is easily 
closed for stable static operation. 
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A DESIGN EXAMPLE 


As an example, let us take a look at the complete design 
of a constant velocity speed control loop for a disc drive 
application. The performance characteristics for the circuit 
can be summarized as: 


Motor speed.............. 3600 rpm +60 ppm (0.006%) 
Speed stability ............. 0. cece eee eee +50 ppm 
Start-up lock time ............. cee eee eee eee 10 seconds 
Input voltage ....... 2. cece reece eens 12 Volts 
Motor idling current .4....... 00... cece eee eee 0.5 Amps 


The schematic for this design is shown in Figure 8. The 
motor is a 4 pole 3-phase brushless with the electrical 
and mechanical specifications given in the figure. The mo- 
tor is current mode driven with the UC3620 3-phase 
Switchmode Driver. The speed control function is realized 
with the: UC3633 Phase Locked Gontroller. 


1 2v IN MOTOR PARAMETERS 


Ky = 0.022 VOLT~SEC/RAD 

r (ant) Ky = 0.022 NM/AMP 
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Figure 8. A precision speed control loop uses the UC3620 Switchmode 3-phase:Driver and the UC3633 Phase Locked Controller to spin a DC 


brushiess motor at 3600 rpm, +60 ppm. 
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APPLICATION NOTE 


POWER DRIVER STAGE 


In Figure 9 a detail of the driver IC and the associated cir- 
cuitry is shown. The UC3620 is a current-mode, fixed off- 
time, chopper. Three 2-Amp totem pole output stages with 
catch diodes drive the three motor phases. The outputs 
are enabled by the internal commutation logic that re- 
sponds to the three Hall logic signals from the motor. The 
motor is equipped with open collector Hall devices making 
the three 10k pull-up resistors on the UC3620 Hall inputs 
necessary. : 


Current is controlled by chopping the lowside drive to the 
phase winding under the command of the UC3620's cur- 
rent sense comparator. The RC combination on the timing 
pin of the driver sets the off-time at 22 us. This results in 
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a chopping frequency of well over 20 kHz under normal 
operating conditions. 


The transconductance of the driver is set by the value of 
current sense resistor used at the emitter pin of the 
UC3620. With a value of 0.29 the transconductance from 
the error amplifier output to the driver outputs is 1 Amp/ 
Volt. The UC3620 error amplifier is configured here as a 
unity gain buffer, thus the drive control signal is applied at 
the non-inverting error amplifier input with the same over- 
all transconductance. An internal 0.5V clamp diode at the 
current sense comparator input results in a 2.5 Amp maxi- 
mum drive current. There is a 1V offset internal to the 
UC3620 that is reflected to the drive control input at zero 
current. This offset combines with the 0.5 Amp idling cur- 
rent level of the motor to set the steady state DC voltage 
at the driver control input to be 1.5V. : 
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Figure 9. The UC3620 Is a current mode fixed off-time driver. This device includes ail the drive and commutation circuitry for a three phase 
brushless motor. The 0.20 current sense resistor and the internal divide by five sets the transconductance of this power stage to 1 
Amp/Volt. 
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Figure 10. 


Phase locking the motor to a precision reference frequency is achieved with the UC3633. The double edge sensing option on this 


device doubles the loop gain and allows twice the reference frequency to be used for a given motor RPM by forcing the phase 
detector to respond to both edges of the Hall feedback signal. 


PHASE LOCKED CONTROL CIRCUIT 


A detail of the phase locked control portion of the design 
is given in Figure 10. The UC3633 contains all of-the cir- 
cuitry required for this function including: a crystal oscilla- 
tor, programmable reference dividers, a digital phase de- 
tector, and op-amps for the required filtering. The UC3633 
receives velocity feedback from the Hall signal applied at 
its sense amplifier input pin. The sense amplifier has a 
small amount of hysteresis that provides fast rising and 
falling input edges to the following logic. A double edge 
option is available on the UC3633 sense amplifier. When 
this option is enabled, as it is in this design, the phase de- 
tector is supplied with a short pulse on both the rising and 
falling edges of the feedback signal, effectively doubling 
the loop gain and reference frequency. 


The required refererice frequency for this loop is 240 Hz, 
given by the product of the motor rotation of 3600 rpm 
(60 Hz), the number of cycles/revolution at the Hall out- 
puts (two for a 4 pole motor), and a factor of two as a 


_ result of the double edge sensing. The divider options on 
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the UC3633 are set up such that standard microprocessor 
crystals can be used. In this instance, a 4.91520 MHz 
(+50 ppm) AT cut crystal is divided by 20,480 to realize a 
240 Hz reference frequency input to the phase detector. 


The phase detector on the UC3633 responds to phase 
differences at its two inputs with output pulses at the ref- 
erence frequency rate. The width of the pulses is linearly 
proportional to the magnitude of the phase error present. 
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Figure 11. The phase detector on the UC3633 is a digital circuit that responds to phase error with a pulsed Output at the reference frequency 
rate. The width and polarity of the pulses depend respectively on the phase error magnitude and polarity. If any static frequency 
error Is present, the detector will respond with a constant 0 Volt or 5 Voit signal depending on the sign of the error present. 


The pulses. are always 2.5V in magnitude and are refer- 
enced to 2.5V at the detector output. The polarity of the 
output pulses tracks the polarity of the input phase error. 
This operation is illustrated in Figure 11. The resulting 
phase gain of.the detector is 2.5V/2a radians, or about 
0.4V/rad, with a dynamic range of +27 radians. 


The phase detector also has the feature of absolute fre- 
quency steering. If any static frequency error exists be- 
tween the two inputs, the output of the detector will stay 
in a constant high, or low state; 5V, if the feedback input 
tate is greater than the reference frequency and OV, if the 
opposite frequency relationship exists. The lock indicator 
output on the UC3633 provides a logic low output when 
any static error exists between the feedback and refer- 
ence frequencies. 


A unity gain bandwidth of 4 Hz was. chosen for this loop. 
This unity gain frequency is well below the effective sam- 
pling frequency, the 240 Hz reference, and is sufficently 
high to not significantly affect the start-up lock time of the 
drive system. The design of the loop filter follows: the 
guidelines described earlier. The magnitude of the loop 
gain, minus the loop filter, at 4 Hz is equal to: 


Ke x Gpp XN _ ——_(0.4)(1)(4) 
(2mf)2 XCyXKy — (27r4)2(3.1)(0.022) 


= 37.2 E-3 or —28.6 dB. 
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This dictates that the loop amplifier has a gain of 28.6 dB 
at 4 Hz. A value for the loop amplifier feedback resistor, 
Rg, of 2 MQ was chosen. The values for Ry, Re and Cy 
were caiculated as follows. 


Ry = (2E6 x 3.33)/1028.6/20 = 248 kM (270 kA used). 
Re = 270/9 = 30kn 


Cy = (2m x 30E3 x 3.33 x 4)-1 
= 0.4 pF (0.47 pF used). 


The additional op-amp on the UC3633 is used to realize a 
second order active filter to attenuate the reference com- 
ponent out of the phase detector. The filter is a standard 
quadratic with a natural frequency of 17.2 Hz and a Q of 
about 2.3. This circuit provides 46 dB of attenuation at 
240 Hz while adding only 5° of phase shift at the 4 Hz 
ldop crossover frequency. In Figure 12 design guidelines 
and response curves for this filter are given. 
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Reference Filter Design Aid—Gain Response 
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Figure 12. To keep feedthrough of the residual reference frequency at the phase detector output to a minimum, a simple quadratic fliter can be 
used. The design of this filter is easily accomplished with the above equations and response curves. 


As mentioned earlier, a separate reference -filter is re- 


-quired in this type of phase ‘locked loop to attenuate the 


reference frequency feedthrough at the output of the 
phase detector. With the active filter following the phase 
detector, the feedthrough to the loop-amplifier is kept to 
less than 20MVpp under the worst case condition of 
£7(180°) phase error. This is smalt compared to the 
1.25V DC signal out of the detector at this phase error. If 
the reference ripple into the loop amplifier becomes targe 
compared to the averaged phase error term, large signal 
instabilities may result. These are primarily the result of 
the unidirectional nature of the motor drive. 
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The static reference ripple at the motor drive input, during 
phase locked conditions, can be minimized by forcing. the 
loop to lock at zero phase error—at zero phase error. 
there is no reference frequency component at the detec- 
tor output. The finite DC gain through the loop filter, dic- 
tated by the inherent second order nature of the loop, re- 
sults in a static phase error that is a function of: the DC 
level required. at the motor drive input, the DC gain and 
reference voltage of the loop amplifier, and the voltage 
levels out the phase detector. The addition of resistor R4, 
see Figure 10, from the loop amplifier’s inverting input to 
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the 5V reference sets the zero phase operating voltage at 
the loop filter output to 1.5V. This matches the nominal 
operating voltage required at the UC3620 contro! input, 
taking into account the 0.5 Amp idling current of the mo- 
tor and the 1V offset of the driver. This cancellation is 
subject to variations due to shifts in DC operating levels, 
so, while it does significantly reduce static reference feed- 
through, it can not be expected to reliably set exactly zero 
phase operation. 


The oscilliscope traces in Figure 13 show the Hall input to 
the UC3633 along with the output waveform of the digital 
phase detector under static phase locked conditions. No- 
tice that the phase detector output is alternating between 
positive and negative output pulses. This is a result of a 
slight asymmetry on the Hall input signal in conjunction 
with the use of the double edge sensing being used. In 
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Figure 13. This oscilloscope trace shows the static waveforms at the 
Hall sensor input, and phase detector output of the 
UC3633. The static phase error has been adjusted, with Rg 
in Figure 10, to be very small. The alternating positive and 
negative puises at the output of the phase detector is due 
to an asymmetry in the Hall signal. 


Unitrode Integrated Circuits Corporation 


U-113 


this case, the asymmetry is due to differences in the rising 


_ and falling edges of the Hall signal that result from the RC 


filter at the sense amplifier input. This filter is required to 
keep high frequency noise from the motor drive out of the 
phase detector. 


The startup response of the motor is pictured in Figure 
14. Shown are the voltage waveforms at the lock indicator 
output, the loop amplifier output, and the phase detector 
output of the UC3633. At the moment the lock indicator 
goes high the motor has reached its operating velocity. 
The absolute frequency steering of the phase detector 
forces a slight overshoot in frequency that delays the set- 
tling of the loop by about 1 second. Without the frequency 
steering feature the phase detector would command a 
much lower average drive signal during startup, extending 
the start time by over 50%. : 
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Figure 14. The startup lock time of the motor is minimized with the 
absolute frequency steering feature of the phase 
detector, keeping lock times under 10 seconds. 
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UC 3841 PWM CONTROLS 


300 WATT OFF-LINE POWER SUPPLY 


by Bill Andreycak 
UICC Application Dept. 


INTRODUCTION 


With the introduction of the UC3841, Unitrode has 
provided a control chip uniquely optimized to implement 
primary side control for a broad range of power supply 
applications. This form of control requires significant 
programming and fault protection intelligence over and 
above the requirements for merely regulating an output 
voltage. These are included in the UC3841 in the form 
of over-voltage, under-voltage, and over-current 
sensing, in addition to low-current start-up, feed-forward 
line regulation, duty cycle limiting, slow turn-on, and 
optional fault latch-off. 


Although all of these features are important to most 
off-line power supplies - and are incorporated in the 
design described herein - it is beyond the scope of this 
paper to discuss the inner workings of the control circuit. 
Rather, the reader is referred to the UC 1841/3841 data 
sheet and to Unitrode Application Note U-91 describing 
its predecessor, the UC1840 for details of the IC 
implementation. This note describes the use of the 
UC3841 as the controller in a typical application - a 300 
watt off-line power supply. 


TOPOLOGY OVERVIEW 


A buck-derived, two transistor forward topology was 
selected for this example for several important reasons: 
two 400 volt transistors are typically much less 
expensive than one 800 volt unit; peak currents and 
ripple are much less than with a flyback configuration; 
clamping is done to the bulk DC lines eliminating the 
need for dissipative high-voltage snubbers; and 
transformer reset is automatic requiring only a 50% 
maximum duty cycle limitation. The basic power stage 
configuration and typical operating waveforms are 
shown in Figure 1. 


While the UC3841 is compatible with either voltage or 
current mode control, this design is a voltage-mode 
configuration which takes advantage of the UC3841's 
controlied PWM ramp waveform to accomplish fast 
feed-forward line regulation while also guaranteeing an 
absolute 50% maximum duty cycle clamp. 


SWITCHING FREQUENCY 


A design decision of equal importance to the power 
topology is the choice of switching frequency. For this 
example, 200 kilohertz was selected as an optimum 
compromise between minimizing the sizes of the 


magnetic and storage components and achieving a high 
overall efficiency. This frequency is high enough to keep 
the number of transformer turns low and yet not so high 
as to incur significant switching or core losses. Standard 
commercial devices were used throughout to 
demonstrate the cost effectiveness of this design. 


DESIGN SPECIFICATIONS 


The specification goals which were established - and 
met - for this design example are the following: 


Input voltage (110 VAC input) = 85 min, 135 max VAC 
Input voltage (220 VAC input) = 170 min, 275 max VAC 
AC line frequency = 50 Hz min 

DC bulk voltage = 200 min, 385 max VDC 

Output voltage = 15 volts 

Output current = 20 amps max continuous 

Switching frequency = 200 kilohertz 

Line regulation = 10 mV 

Load regulation = 10 mV 

Output voltage ripple = 100 mV pk-pk, DC to 20 MHz 


Efficiency = 85% at full load 


CIRCUIT OVERVIEW 


The complete schematic for this 300 watt power supply 
is shown in Figure 2 but before discussing the details of 
the design, it is instructive to understand the overall 
approach. 


The design starts with a 110 volt input voltage doubler 
for a nominal 290 volt DC main aliowing either 110 or 
220 volt operation. The control and drive circuitry are 
contigured for low start-up current so that starting 
energy is accumulated in a low voltage capacitor, C10 
in Figure 2, which is charged from the high-voltage bulk 
DC through a large-valued resistor, R2. After starting, 
the higher operating currents of the control and drive 
circuits are supplied from an efficient low-voltage 
winding on the power transformer. This would normally 
be a separate primary-referenced axillary winding and 
isolation would be incorporated in the feedback path for 
output voltage control. For this example, isolation was 
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ignored and operating power after.start-up was taken 
from the 15 volt output - a simplification which can easily 
be remedied using common techniques which will not 
affect the remaining design. 


The UC3841 provides the means to sense adequate 
energy in the start-up capacitor and initiate the turn-on 
sequence. It then activates the UC3707 Driver which 
boosts the PWM output from the UC3841 to a high peak 
current, source/sink drive command. 


This signal is level-shifted by transformer T1 and applied 
simultaneously to the gates of the two power MOSFET 
switching devices, Q2 and Q3. These two FET'’s drive 
the power transformer, T2, in the forward direction with 
reset provided by D6 and D9. 


Additional features which are incorporated in this design 
include slow turn-on - both initially and after fault 
shutdown, over-voltage and over-current shutdown, 
pulse-by-pulse current limiting for light overloads, feed 
forward for fast line regulation, and a maximum duty 
cycle clamp. 


CIRCUIT DESIGN DETAILS 
INPUT STORAGE CAPACITANCE 


The amount of input, or bulk storage capacitance for a 
given power supply design will be determined by the 
more stringent of three separate requirements: 


1.Maintaining a minimum DC bulk voltage as the 
input capacitor supports the converter between 
AC cycles. 


2.Providing a minimum hold-up time for operation 
after loss of the AC line voltage. 


3.Meeting the requirements for AC-RMS charging 
current. 


In this case, the value was calculated to support the 
primary voltage between AC cycles to a minimum of 200 
VDC. Ina dual voltage system, the most stringent case 
is the doubler configuration where there is a 180 degree 
phase shift between the voltage waveforms on each of 
the series capacitors. The minimum DC bulk voltage is 
then the sum of the minimum voltage on one series 
capacitor plus the average voltage on the other. The 
value of each capacitor is calculated from the following 
formula: eas 


: Output power sow toss 
~ Efficiency x AC frequency x (Vc peak?- Ve min?) 


C1=C2 


Where, in this example, 
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AC frequency = 50 Hz, 


Vc peak = (80 x 1.414) -Vd=115V, and 
Ve min = .33 (2 x 200 - Vc peak ) = 95 V 


which determines a value for C1 and C2 of 1680 
microfarads each. This was actually implemented as 
shown in Figure 2 by four 1000 uF units, C1 through C4. 


PRIMARY AND SECONDARY CURRENT 


An estimate of the maximum primary and secondary 
currents is needed to select the power switches, diodes, 
and transformer wire sizes. A first-order approximation 
can be calculated from the equation: 

~ Output power 
Efficiency x Input voltage x Max duty cycle 

300 
* 0.85 x 200 x 0.50 


Ipeak = 
= 3.52 Amps 


For rectangular wave forms, RMS currents are 
calculated by multiplying peak current by the square 
root of the duty cycle yielding 2.5 Amps of primary 
current and 14 Amps for the secondary winding. 


MOSFET SELECTION 


As described in the Topology section, one advantage of 
the two-transistor forward converter is that the 
maximum voltage on the power switches does not 
exceed the peak input voltage. In this example, it allows 
the use of 500 Voit IRF 840 power MOSFETs which 
have a fairly low. on resistance of 0.8 ohm, more than 
adequate current capability, and are available in plastic 
TO-220 packages. Heatsink requirements can be 
calculated by starting with the DC losses: 


P loss = Ip peak? x Rds.on:max x D max 


Extrapolating the maximum Rds on value for the IRF 
840 to ajunction temperature of 110°C yields 1.75 ohms 
which means a DC loss of 10.8 watts. Rounding up to 
12 watts to include switching losses means that with a 
maximum ambient temperature of 70 °C, the junction 
will stay below 110 °C if the total thermal resistance, 
including the 1.0°C/W of the TO-220 package, is held 
to less than 3.3°C/W. 


RESET DIODES 


Since the current through the reset diodes, D9 and D10, 
returns to zero when the core completes reset, diode 
reverse recovery time is not critical. Forward turn-on 
time is still important, though, in order to, catch the 
transformer energy ‘when the power switches turn off, 
but this is a much simpler problem and UES 1106 
rectifiers are more than equal to the task. 
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TRANSFORMER DESIGN 


As a general guideline, operation at higher frequencies 
usually produces a transformer design which is coré 
loss, rather than flux swing, limited. Under these 
conditions, it is best to start with the core area-product 
calculation using the formula: 

Pin x 10¢ 


1.58 
AP = AwAe -( \ x (Kh f + Ke f?) cm* 


where: 
Pin = Input Power = 353 Watts 
K = Winding Factor = .141 (for a fwd conv) 
ft = Transformer Frequency = 200 kHz 
Kh = Hysteresis Coefficient = 4 x 10° (3C6A) 


Ke = Eddy Current Coefficient = 4 x 10°'° (3C6A) 


For this design, the area-product calculates to 2.9 cm* 
allowing a comfortable selection of an ETD-44 ferrite 
core made of 3C6A material. Core selection is typically 
an iterative process with the first core choice used to 
define the windings which, in turn, allows calculation of 
both winding and core losses. If these answers are not 
acceptable, another core size is selected and the 
process repeated. 


The manufacturer defines the ETD-44 core as having a 
volume of 18.0 cm° and a thermai resistance of 12°C/W. 
Selecting 40° C as a reasonable limit for the maximum 
temperature rise of the transformer and recognizing that 
core loss will be an important factor, an arbitrary starting 
point for the transformer design is to allocate 30°C to 
the core.and 10°C to the copper. With this assumption, 
the core power density can be calculated from: 


; Temp rise : 
Power Density = ——--—————___- = 140 mWicm* 
Therm Resist x Volume 


The manufacturer’s curves of core losses for the 3C6A 
material at an operating frequency of 200kHz show a 
corresponding peak flux density of approximately 600 
Gauss which equates to a peak-to-peak value of 1200 


Gauss, or 0.12 Tesla. Additional data needed to — 


calculate the primary turns are the primary voltage, Vp 
= Vin - Vsat, and an estimate of the maximum duty cycle 
which, to provide some margin, is initially set at 0.47. 
With these inputs, the primary turns are defined by: 


: Vp x Ton x 10 
No min = ———_—_—-————_— 
Flux swing x Core area 


190 x 2.35 x 10*x 10¢ 
Fs 12x 1.74 


= 21.3 turns 
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The transformer turns ratio is defined as: 


Np Dmaxx Vp 190 
— = ———— =Dmaxx 
Ns Vo + Vd 15.8 


= 12.025 Dmax 


At this point, there are two considerations to balance: 
The desire to make Dmax as close to 0.5 as possible so 
that the peak current is low, while keeping the number 


_of turns to low, whole numbers. For this example, the 


best choice is 


Np 22 Turns 
Ns 4 Turns 


and Dmax = 0.46. 


With this duty cycle, the peak primary current can be 
more accurately calculated as 3.84 Amps with an RMS 
value of 2.6 Amps. 


The remaining transformer calculations are 
summarized below: 


Primary inductance, Lp = Al x Np? = 1.26 mH 


Magnetizing current, Im = Vp x Ton/Lp = 347 
mA (peak) 


Primary conductor area, Axp = Ip rms / 450 = 
.00578 cm* min 


Secondary conductor area, Axs = Is rms / 450 = 
.0301 cm* min 


While the primary wire area corresponds to a wire size 
of AWG 19, and the secondary is equivalent to AWG 12, 
both have to be evaluated in terms of their active area 
at 200 kHz. From Eddy Current calculations it can be 
determined that the depth of penetration of current at 


_ 200 kHz is .017 cm which does not effectively utilize the 


.091 cm diameter of AWG 19 wire. While multiple 
strands of finer wire help, increasing the number of 
strands also increases the number of layers which 
forces the wire thickness to be substantially less than 
the penetration depth in order to minimize the AC loss. 


Amore effective solution - which is made more practical 
because of the relatively few number of turns - is the use 
of flat copper strip. For the primary, a strip .0044 cm 
thick (approximately 2 mils ) and 2.5 cm wide was 
insulated with 2 mil mylar between each turn and wound 
in two sections - eleven turns under and eleven turns 
over the secondary. The secondary was also made of 
copper strip, in this case .020 cm thick. Across section 
sketch of the transformer winding technique is shown in 
Figure 3. 
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Figure 3. Cross section of one-half of the power transformer illustrating the strip winding techniques which minimize 


both Eddy Current losses and leakage in ductance. 


With the windings defined, the total transformer losses 
may be calculated as follows: 


Core loss = Power density x Volume = 2.52 Watts 

Copper ohm-cm x, ave cm/turn x Np 
Strip cross-section area 

2.29 x 10®x 7.6 x 22 


= oT = 35 million 
0044 x 2.5 


Primary resistance = 


Wire loss (prim) = Ip'rms* x Rp = 0.24 Watts 


2.29 x 10°x7.6x4 
020 x 2.5 


Wire loss (sec) = 0.26 Watts 


Secondary resistance = = 1.39 milliohm 


Total power loss = 2.52 + 0.24 + 0.26 = 3.02 Watts 


Temperature rise = 3:02 W x 12°C/W = 36 degrees. 


GATE DRIVE TRANSFORMER - 


Since both the number of turns and the currents are 
small for this gate drive transformer, a toroidal core 
shape is an efficient solution and the core selected was 
the Ferroxcube 8467250 made of 3C8 ferrite material 
with an outside diameter of 0.875 inches. The design 
equations and guidelines are similar to the power 
transformer example. In this case, the primary winding 
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is capacitively coupled to the driver IC to prevent core 
saturation. Because of the DC offset voltage on the 
capacitor, the primary voltage will now be to some extent 
dependent upon pulse width. A step-up turns ratio was 
used to the secondary with 15 volt zener clamps to limit 
the gate-to-source voltage on each FET. Twelve turns 
were used for the primary resulting in a 500 Gauss flux 
swing. Each secondary winding consists of 18 turns 
and the total core loss is calculated at 0.13 Watt. 


OUTPUT INDUCTOR 


The output inductor was designed for less than 1.8 
Amps of ripple current at full load and minimum duty 
cycle using the equation: 


Le (Vo + Vd) x Toff 


A lo max 
and from: 
. Vin min 200 | : 
Dmin = Dmax x = 0.46 x = 0.239 and 
Vin max 5 
1-Dmin 0.761 

Toff max = = ———— =3.81 us 

f, 0.2 MHz 
the inductance value is then defined as: 

15.8 x 3.81 

L= 7 = 93.4 UH Min 


APPLICATION NOTE 


Selected for this application was an ETD type core 
made from 3C8 material. This material was chosen 
because of its high saturation flux density of greater than 
3000 gauss. Here again, it is necessary to determine 
whether the design will be core loss or saturation limited 
but since this is a forward converter with the inductor in 
the continuous mode, the AC ripple current is a small 
percentage of the DC load current and the core should 
be saturation limited. 


The core selection process again starts with a 
calculation-of window - area product using the equation: 
L x Ipk x Ifl x 10¢ 131" 

eyere Pig ene, cm‘ 
420 x K x Bmax 

( 34 x 10° x 25 x 20 x 104 

a 420 x 0.7x 0.3 

With this AP value, an ETD-39 core was selected with 


avalue of Ae = 1.25 om? The minimum number of turns 
can then be calculated from: 


AP = AwAe = ( 


\ 


131 
= 2.36 cm‘ 


L x Ipk x 10 
—————— = 23 Turns 
Bmax x Ae 


Nmin = 
The gap length is then calculated using the classic 
inductance formula: 


MH, xu, x N@x Ae x 10? 


Ig L 


=0.219cm 


with Uo - 4 «x 10°” and ur = 1. To obtain the desired 
inductance, however, the actual gap must be almost 
twice as large to account for the fringing field which is 
not included in the above formula. 


This inductor was also wound with copper strip but in 
this application the task is easier as neither Eddy 
Current losses nor space for high-voltage insulation 
need be considered. A strip 2.5 cm wide of 10 mil ( .025 
cm.) copper was used which, with a mean turn length of 
6.7 cm, gave a DC resistance of 


2.29 x 10°x 6.7.x 23 
ia 0.025 x 2.5 


= 5.65 mohms 


and a power loss at full load of 2.26 Watts. 


OUTPUT CAPACITOR 


There are two sources of ripple voltage-which need to 
be considered in meeting the design goal of 100 
millivolts and they are both caused by the inductor ripple 
current. The first is merely 


AVo=AQ/Co 


-and, for a given ripple current, is minimized by 
increasing the capacitor value. The minimum 
capacitance, if this was the only contributor, is 
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1xAlox1x1 

2x 2x 2fx AVo 
1.8 

~ Bx 200k x 0.10 


Cout min = 


= 11.25 microfarads 


The second source of ripple-voltage is the voltage drop 


. across the ESR of the capacitor caused by the ripple 


current. The maximum ESR allowable for 100 mV ripple 
is 


ESR max = 100 mV-/1.8A = 56 mohms. 


The two contributors of ripple voltage do not add directly 
as there is a 90 degree phase difference between them. 
Typically, in order to achieve a reasonable ESR, the 
Capacitance value becomes so much greater than the 
minimum value that the A Q/ Co term can be ignored. 
An added benefit of a large output capacitance is the 
improvement in load transient capability. 


For this design, two 470 uF electrolytic units were used 

“in parallel to achieve an ESR value of 3 to 15 mohms - 
a broad range necessitated by the difficulty in getting 
specified high-frequency data from capacitor 
manufacturers. 


A final component added to the output filter is a good, 
high-frequency capacitor to bypass the inductive 
components of the electrolytics and shunt any switching 
spikes which might get to the output. A 1.0 uF ceramic 
monolythic capacitor is a good selection for this 
application. 


OUTPUT RECTIFIERS 


The output diodes need to be able to handle the output 
current of 20 Amps, have 150 Voit reverse capability, 
and be extremely fast. Unitrode UES 703 rectifiers were 
selected for this application because of their 35 nsec 
reverse recovery specifications, as well as their low 
forward drop of 0.8 Volts max. Since one of the output 
diodes will always be conducting, it is advisable to 
mount both on the same heatsink designed to dissipate 
approximately 16 Watts with a 30 °C temperature rise. 


~ This will keep the junction temperature below 100 °C in 


a 70 °C ambient. 


PROGRAMING THE CONTROL FUNCTIONS 


With. the completion of the power path design, the 
remaining tasks all relate to programing the many 
functions of the UC3841. In the interests of readability, 
the description which follows is a somewhat qualitative 
discussion of the methods for implementing the 
functions rather than a rigorous derivation of each 
component's value. Again, reference to the UC3841 
-data sheet is necessary for detailed specification limits 
and tolerances. 
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APPLICATION NOTE 


POWER SUPPLY START UP 


When line voltage is first applied, the UC3841 is in its 
OFF state and draws less than 5mA from the line 
through R1 and R2. While there is an additional 2.4 mA 
due to the various programing resistors, the UC3707 
draws no current as it is powered from the Driver Bias 
output of the UC3841 which is off during start up. 
Therefore, resistors R1 and R2, which are necessary 
anyway. to discharge the bulk storage capacitors, can 
easily provide the. current to charge the start up 
capacitor, C10, without the power dissipation which 
would require complex circuitry to disconnect them after 
start up. 


The resistor divider of R5 and R6 performs two 
functions. The ratio.of these resistors determines the 
actual turn-on voltage at C10 while their effective series 
impedance provides hysteresis such that turn-off occurs 
at a lower level than turn-on. In this circuit, the turn-on 
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voltage is 17V and the hysteresis is 3.5V. This means 
C10 will charge to 17V while most of the circuit is off. 
When turn-on is initiated, the added load of the driver 
will cause this voltage to decay and it will fall either to 
14.4V where the power supply output will catch it 
through D2, or, if start up does not take place, to 13.5V 
where the contro! will turn off and start a new cycle. 


Prior to tum-on, and after a low-voltage turn off, the 
Soft-Start capacitor, C14 on Pin 8, is clamped low. At 
turn on, although the Driver Bias immeadiatly activates 
the UC3707, no power pulses are generated while Pin 
8 is low. As C14 charges; PWM commands begin and 
the pulse width increases with a rate of increase defined 
by the time constant of C14 and R17. This time constant 
needs to be selected remembering thatwhile start up is 
taking place, all the drive energy is coming from C10 so 
the charge of C14 has to be faster than the discharge 
of C10. These-waveforms are shown in perspective in 
Figure 4. 


START-UP WAVE FORMS 


DRIVER 


BIAS : 
PIN 14 


CONTROL 
POWER 
SOURCE 


PRIMARY }-—_—_-—- C10 CAPACITOR 


—>}< VOUT ee: 


SOFT START END 
START CHG — }+}-—— in CONTROL ——o CHG 


STATUS 


Vout — ZEROV —>+}+— RISING VOLTAGE ——>|— REG 15V —> 


Figure 4. Initial start-up waveforms showing the slow turn on of the power output stage. 
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APPLICATION NOTE 


OSCILLATOR AND RAMP 


The UC3841 operates at a fixed frequency determined 
by R9 and C6 on Pin 9. The pulse width modulation is 
performed by comparing the Error Amplifier's output to 
a separate ramp waveform generated on Pin 10. The 
slope of this ramp is given a minimum value by R15 
charging C11 from the 5.0V reference. These 
components define a rise time of 2.5 usec and thereby 
establish a maximum duty cycle clamp. of 47 percent. 
The network of Q1, R14, and R16 sense the DC bulk 
voltage and provide an increasing charge current to C11 
- thereby increasing the slope of the ramp for bulk 
voltages above 200 volts. This increase in slope linearly 
tracks the input line voltage and modulates. the PWM 
output signal providing fast, pulse-by-pulse, open-loop 
line regulation which greatly eases the requirements of 
the feedback control loop. 


FAULT PROTECTION 


Load current is sensed through the power transformer 
by a sense resistor, R27, in series with the power 
switches. The value of R27, in conjunction with the 
divider of R18 and R19, establish a threshold at Pins 6 
and 7 of 23 Amps as related to the output. When this 
threshold is exceeded, the UC3841 goes into a 


pulse-by-pulse reduction in width ta limit the energy and _ 


allow the power supply output to fali. Because of circuit 
delays, however, this limiting only works to a minimum 
pulse width which might allow too much energy to 
protect against a short circuit. This eventuality is 
covered by a second, higher threshold in the: current 
sensing circuit which triggers a Fault Latch for 
immediate shut down. This Fault Latch is also activated 
by the Over-Voltage comparator which, in this case, is 
monitoring the input line voltage through R3 and R4. 


Once triggered, the Fault Latch immediately terminates 
the PWM signals and discharges the soft-start 
capacitor. If the Reset Pin.5 is high, once latched, the 
circuit will stay off until either the input line is recycled 
or Pin 5 is momentarily pulled low. If Reset is already 
low, the Fault Latch will reset when the soft-start 
capacitor completes its discharge, allowing an 
automatic restart. The Fault Latch may also be activated 
externally by forcing positive current into Pin 4. 


THE UC3707 DRIVER 


This device is used only as an interstage driver to take 
the pull-down output from the UC3841 and develop the 
high current turn-on and turn-off commands to the 
power MOSFETs. This is a dual driver but in this case 
the two channels are connected in parallel to provide a 
maximum peak current of 3 Amps, source or sink. Of 
course, the DiL package would provide a power 
limitation were it not for the fact that the high currents 
are needed only to charge and discharge the MOSFET 
gate capacitance. When driving a load which has both 
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inductance and capacitance, it is important to keep any 
ringing which might appear on the output of the driver 
chip confined within the limits of the supply voltage to 
that chip. This is easily accomplished with the UC3611 
Schottky diode array used for diodes D3A and D3B. 


CLOSING THE LOOP 


In this voltage-mode application, the output filter will 
exhibit a two pole response to the contro! loop. Loop 
compensation at the Error Amplifier is designed to 
contain two pole-zero pairs by using the configuration 
shown in Figure 5. This will insure overall loop stability 
with maximum high frequency response while retaining 
a large low frequency gain. 


“RFP 


VSENSE 
Vcomp 


RREF VREF 


Figure 5. A generalized two pole-zero compensation 
approach to providing good loop stability. 


The generalized approach to this compensation 
network is to place the first pole at a low frequency, 
typically around one Hertz. Two zeros are then 
introduced at approximately one-half the output filter 
break frequency to compensate for its two-pole rolloff. 
The amplifiers second pole is placed at a fairly high 
frequency to provide a predictable gain reduction; 
however, the amplifier will usually run out. of 
gain-bandwidth prior to reaching this pole. 


The output filter response is defined by: 


Lout = 34 uH, Cout = 1000 uF, 


Rload = 0.75 to 10 ohms, ESR =3 to 15 mohms 


Pole freq = swe = 865 Hz 
n 


1 


ESA vero es 
20f0 = 3 RX CXESR 


= 10.6 to 53.1 KHz 


APPLICATION NOTE 


The error amplifier compensation poles and zeros are 
located at the following frequencies referenced to the 
components of Figure 5: 


Input zero = 


- = 568 Hz 


2nx Riz x Ci 


Rip + Riz 


Input pole = = 23 kHz 


22x Rip x Riz x Ci 


kK = ——___-_. = 97 
Feedback zero anxRizxCt ” 970-Hz 


1 


Feedt eed ee =1H 
‘eedback pole 2 x ( Rip + Riz) Ct 1 Hz (approx) 
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The effect of these poles and zeros is shown graphically 
in Figure 6 where it can be seen that they provide an 
overall response with a single pole roll-off to 10 kHz. 
The gain crosses zero dB at approximately 8 kHz with 
more than adequate phase margin, regardless of the 
output capacitors ESR. 


POWER SUPPLY PERFORMANCE 


The use of the UC3841 control IC has allowed a very 
straight forward and simple implementation of a 
relatively high performance power supply with a 
remarkedly small number of components. 
Representative waveforms of performance at several 
points within the supply are shown in Figures 7 - 10. All 
the initial performance goals defined for. this design 
were met and it is hoped that with the information 
presented above, application to more sophisticated or 
specialized design tasks will be eased. 


mMoArrv 
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Figure 6. Total power gain and phase relationships showing 


the effects of loop compensation. 
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APPLICATION NOTE 


OPERATIONAL WAVEFORMS 


500 = 50mU 


PRIMARY Top: Ves Q1 10)v/cem FULL LOAD Top: Vos Q1 100 v/cm 
Bottom: Ipri 2. A/cm 


Bottom: Vos Q1 100 v/cm 

Horizontal: 1 s/cm Horizontal: | ys/cm 

Figure 8. Power switch voltage and current waveforms 
at full load. 


Figure 7. Gate-to-source and Drain-to-source voltage 
waveforms for the upper FET switch 


‘own 


é 


ents 


3$0U = 20mV ZOU Lom lus 
LIGHT LOAD Top: Vos Q1 100 v/cm SECONDARY Top: Vsec 20 v/cm 
Bottom: Vout (AC) 10 mv/cm 


Bottom: Ipri 1 A/cm 


Horizontal: 1 s/cm Horizontal: 1 ws/cm 


Figure 10. Transformer secondary voltage and power 


Figure 9. Power switch voltage and current waveforms 
: supply output ripple. 


at light load. 
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New Integrated Circuit Produces Robust, Noise Immune System 
For Brushless DC Motors 


Bob Neidorff, Unitrode Integrated Circuits Corp., Merrimack, NH 


Abstract 


Anew integrated circuit for brushless DC motor control is presented 
that implements many new techniques to enhance reliability and 
reduce the detrimental effects of noise. In addition to safety features 
and noise rejection circuitry, the new circuit contains a complete 
pulse-width modulator (PWM), a practical tachometer, a precision 


voltage reference, a high-speed current-sense amplifier, and 


high-voltage, high power, output stages. 
BLOCK DIAGRAM OF THE UC3625 


Various applications of the IC are discussed in detail, including using 
the PWM for fixed frequency and fixed off-time control, driving power 
MOSFETs, driving bipolar power transistors, and sensing winding 
current. The IC is shown in applications that allow braking and 
direction reversal without damage to the motor or the power 
semiconductors. 


i: 7 


HS 
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APPLICATION NOTE 


The Problem 


Conventional brush motors have proven reliable and versatile. They 
remain popular partly because the pressures to improve haven't 
been high, and partly because nothing better has been available 
that is practical. Brushless DC motors (BDCMs) can pack the same 
horsepower into smaller, lighter boxes. They can also accelerate 
faster due to inherently lighter rotor construction. Without the friction 
and arcing of brushes, they are acoustically quieter. As they have 
permanent magnet rotors, they are faster to manufacture. 
Permanent magnet rotors also dissipate very little power, so BDCMs 
have far less heat dissipation problems. 


One thing that has held the motor industry back has been the 
availability of economical control electronics. Recent price trends in 
power MOSFETs and monolithic motor controllers have reduced 
these limits. The final hurdle to broad acceptance is assurance of 
reliability. Brush motors proved their reliability not through design, 
but instead through over a hundred years of development of rugged 
brusheS and slip rings. 

Two problems with BDCMs today are performance and reliability in 
the presence of noise. Noise here can refer to externally generated 
electromagnetic noise, internally generated chopping noise, or 
inappropriate commands from the operator of the system. 

The UC3625 specifically addresses the need for an economical, 
robust BDCM controller by specifically addressing these failure 
modes and also by implementing many functions and features 
desirable in high performance motor systems. The following table 
outlines some of the important features of the UC3625: 


* Push-Pull Low-Side Drivers 

* Versatile High-Side Drivers 

* Complete PWM 

* Two or Four-Quadrant Chopping 
* Tachometer 

* Soft Start 

. Undervoltage Protection 

* Overvoltage Protection 

* Active Safe Braking 

* Differential Current Amp 


. 


Hysteresis on all inputs 
* Direction latch 


Cross Conduction prevention 


Unique Features For Noise 


All logic inputs to the UC3625 have hysteresis and /or latches for 
maximum noise rejection. The position sensor inputs specifically 
contain 0.8 volts of hysteresis, yet still meet TTL input thresholds. 
These inputs also contain pull-up resistors allowing them to directly 
interface to open-collector sensors. 


Position sensor inputs are latched immediately following 
commutation, and remain latched through the on-time of the 
tachometer monostable (one-shot). This prevents commutation 
noise from reaching the decoder, latching out the largest noise spike 
in the motor system. Although this sets a maximum motor speed, 
correct choice of pulse width guarantees operation up to the 
maximum speed of the motor while still affording excellent noise 
rejection. 


The one-shot pulse also drives a low saturation-voltage driver 
connected to TACH OUT. The average value of the voltage on TACH 
OUT is directly proportional to motor speed, so that the pulse 
generator doubles as a simple tachometer. 
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C3625 


ipo 


OECODER 


TACHOUT 


+5V 
RCBRAKE sre d l 
La SHOT 


Tachometer Doubles As Input Noise Gate 


Even with input latches, external noise filtering is often valuable. 
Chopping noise lends itself to analog low-pass filtering because of 
its dominant high-frequency components. As high-frequency noise 
energy can be very strong, zener clamping ahead of the filter can be 
very effective. 


HALL 
EFFECT. S 
SENSOR 


wa 


«tL _ 


NOISY CABLE 


Suggested External Non-Linear Filter For PWM Noise 
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APPLICATION NOTE 


Cross-Conduction Prevention 

To further assure noise immunity, the UC3625 contains latches and 
a shift register to guarantee that all power stages turn off and remain 
off for a minimum time before changing states. In addition to 


PULL 
uP 


FROM 
DECODER 


Logic That Prevents Cross Conduction 


preventing noise-induced cross conduction, this prevents 
cross conduction due to slow power stages. 


The delay time is only inserted when an output is commanded 
from high to low or vice versa. During normal three phase 
commutation, outputs are turned off (opened) for a full cycle 
before changing states, so this delay will not impede normal 
operation. The only times that this delay will be inserted are 
during noise spikes, direction reversal, and braking. 


Pulse-Width Modulation System 


Motors perform better with higher operating voltages 
because for a given value of inductance, higher voltages can 
change winding current faster. A necessary adjunct to higher 
supply voltages is current control, either by linear amplifiers 
of pulse-width modulation (PWM). The UC3625 uses fixed 
frequency PWM for chopping. 


Atthe heart ofthe PWMis a sawtooth oscillator. The oscillator 
is programmed up to 500kHz with one resistor to the 


PEAK CURRENT 
OVERVOLTAGE 


UC3625 PWM Block Diagram Configured For Pulse-By-Pulse 
Current Control 
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used to enable the PWM latch every cycle, and also to clock the 
protection shift registers. 


Another fundamental part of the PWM is the PWM latch. The output - 
ofthis latch enables the power stages. The latch is set once per cycle 
by the oscillator, and cleared by either the PWM 
comparator, a peak current signal generated in 
current-sense circuitry, or by a fault signal from the” 
OV/COAST input. This latch is reset dominant, meaning 
that a steady reset signal from any of three sources 
completely inhibits the power stages. 


The other elements inthe PWM are the PWM comparator . 
and the error amplifier. The PWM comparator is an 
NPN-input comparator dedicated to comparing the output 
of the error amplifier to some. other signal such as a 
command voltage, ramp, or sensed signal. The error 
amplifier is a PNP-input op-amp compensated for 
unity-gain operation, who's inputs can operate linearly 
down to ground. 


The PWM can be configured into any number of different 
loops that regulate winding current (torque is nearly 
proportional to winding current), regulate speed, or 
regulate some other parameter. The PWM is internally 
configured for peak current contro! as well, although this 
is not intended to be the principle feedback loop. 


The approach above compares winding current to a DC 
voltage with the PWM comparator, and pulse-by-pulse 


OSCKLATOR 


regulates winding current. This is similar to "current 
mode” in PWM power-supply systems, and offers the 
advantage of removing the pole caused by load 
inductance from the feedback loop. 


The PWM canalso be configured to use the error amplifier 
to amplify the difference between the winding current and 
a desired current, and to use the PWM comparator to 
compare the error amp output to the oscillator ramp. This 
current loop operates on average, rather than peak 
current. oe 


If the PWM comparator is used to compare the oscillator 
ramp to.a DC voltage, then the load duty cycle is directly 
proportional to the applied DC voltage, as is the average 
load voltage. This "voltage mode” loop comes close to 
controlling speed because speed is nearly proportional to 
average winding voltage. If an overall.speed feedback 
loop is required to regulate speed, this “voltage mode" 
topology can serve as.a local feedback loop to make the 
system transfer function more linear, and the error 
amplifier can be used as the overall loop amplifier. 


PEAK CURRENT 
OVERVOLTAGE 


A 


FROM 
TACHOUT 


Voltage Mode Speed Control 


UC3625 


5V 
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OSCILLATOR 


QUTPUT 
STAGE 
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> POWER 
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Circuit For Fixed Off-Time PWM Using the UC3625 


The advantages of each topology must be weighed considering 
complexity, overall stability, and sensitivity to load. In cases where 
current feedback seems nearly impossible to compensate, some 
compromise between currrent feedback and voltage feedback is 


dictated. : 
The PWM is also configurable to fixed off-time PWM rather than fixed 


frequency PWM by adding a few external components that couple 
the output off signal back into the oscillator. 


Fixed off-time control is sometimes desirable because it uses one 
of the easiest feedback loops to compensate. Its main drawback is 
that the modulation frequency varies with load and speed. This 
means that for some loads chopping noise can become audible 
(below 20kHz). This also allows variation in the dead time inserted 


to prevent output stage cross conduction. 
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APPLICATION NOTE 


Different Chopping Techniques 


Chopping capitalizes on the inductance of the load to maintain load 
current when the driving voltage is removed. The driving voitage is 
normally supplied through power switches, and diodes normally 
conduct across the load when the switches are opened. 


Two different methods are common for chopping. The more efficient 
method chops one low-side power switch while one high-side switch 
is on. This is referred to as a two-quadrant PWM. 


Two-quadrant PWM normally operates with a low duty cycle, as 


winding current is charged principally by the supply voltage, yet - 


winding inductance is discharged by the voltage drop in the diode 
Circuit (see figure below). Motor back EMF reduces the effective 
supply voltage and increases the effective diode voltage drop, so 
the duty cycle tends to increase with speed. | 

The main advantage of two-quadrant chopping is efficiency. Its main 


drawback Is that it can’t quickly decrease winding current. This can 
be very troublesome in position feedback systems. 


zg 


VMOTOR VMOTOR 


CHARGE 


Two-Quadrant vs. Four-Quadrant Chopping 


In contrast, four-quadrant PWM: systems chop both switches, and 
circulate load current through two diodes backwards into the supply. 


Again ignoring back EMF, four-quadrant chopping produces a nearly 
symmetrical current waveform, as current rises due to the supply 
voltage impressed on the load inductance, and decays due to 
reverse supply and load inductance. With four-quadrant chopping, 
a motor can decelerate as quickly as it can accelerate. 


To program the UC3625 for one approach or the other, apply a logic 
signal to the QUAD SEL input. QUAD SEL can also be changed 
during operation to tailor performance to specific requirements. 
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Power Drivers 


The overwhelmingly dominant power output device in new designs 
is the N-Channel Enhancement-Mode Power MOSFET. Bipolar 
power transistors and power darlingtons still have advantages in 
very high-voltage systems, but these advantages are being: 
continuously eroded by developments in MOSFET structures and 
merged bipolar MOSFET devices. The UC3625 is able to drive both 
power MOSFETs and bipolar transistors. 


The low-side drivers in the UC3625.are totem-poles ‘capable of 
greater than 250mA peak gaté or base current, but the package and 
the die are not constructed for continuous power dissipation greater 
than 1 watt, which imposes an upper limit on the available current 
for bipolar device drive. 


ucse25 | *15V 


PWR-VCC: 
PDn 


Driving Low-Side MOSFETs with the UC3625 


The Power Vcc pin is separated from signal Vcc so that high gate 
current peaks can be isolated from signal Vcc, and also so that 
Power Vcc can be tailored to the power device. For fastest switching 
of power bipolar devices, the Power Vcc pin can be limited and 
clamped, as shown in this example. 


Driving Low-Side Darlingtons with the UC3625 
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APPLICATION NOTE 


Driving high-side devices with the UC3625 requires level shifting if 
the motor supply is greater than.50V. The UC3625 high-side outputs 
are open collector NPN transistors which pull low to turn on high-side 
MOSFETs or bipolar transistors. 


VMOTOR 


Driving High-Side P-MOSFETs 


VMOTOR +15V 
VMOTOR 


vec 
UC3625 
PU 


Driving High-Side N-MOSFETs | 


VMOTOR 


UC3625 
PU 


Driving High-Side PNP Darlingtons with the UC3625 


Although capable of 50mA current sinking, the open collector 
outputs are normally operated with lower currents to minimize the 
power supplied by the high-voltage supply. 


As ahigh-side switch, P-channel power MOSFETs are far easier to 
drive than N-Channel power MOSFETs because the gate of 
P-channel MOSFETS need not be pulled above the positive supply 
to obtain low voltage drop. Unfortunately, P-channe! power 
MOSFETs are more expensive and less available than N-channel 
devices, so the added supply in the N-channel design is often 
justified. ‘ 
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Current Sense 


The UC3625 contains a high-speed gain-of-two differential amplifier 
dedicated to current sensing. This amplifier can be connected 
directly across a low-value current-sense resistor or between two 
different current-sense resistors. Since the amplifier common mode 
range allows operation one volt below ground, the amplifier has 
excellent common-mode noise rejection. 


The current-sense amplifier also embodies an ideal diode that 
performs absolute value and level shifting of the input, giving a 
transfer function of: 


Vo = 2.5 + 2 ABS (Via - Vir) 


If the low-side power devices and the lower catch diodes are 
returned to the same current-sense resistor, and the UC3625 is 
chopping in four-quadrant mode, then the winding current always 
flows through the current-sense resistor. The voltage on the 
current-sense resistor flips polarity every time the PWM chops, but 
the absolute value current-sense amplifier rectifies this, giving a 
smoother representation of continuous winding current, and 
requiring less filtering. 


Some filtering of the current-sense signal is always required, 
however, and the output of the current-sense amplifier is the best 
place to filter. The amplifier is stable with all capacitive loads, and 
has approximately 250 ohms output impedance. 


Filtering at the input of the current-sense. amplifier is also valuable 
to remove spikes. that are faster than the amplifier can track. 
However, to insure that the absolute value circuit continuously tracks 
current, use only a minimal amount of input filtering. 


The output of the current amplifier drives two comparators through 
the filtering resistor: the peak current comparator and the overcurrent 
comparator. The peak current comparator resets the PWM latch: 
whenever the current-sense voltage exceeds approximately 200mV. 
The overcurrent comparator initiates soft start if the current-sense 
voltage exceeds approximately 300mV. 


The peak current comparator can be used to limit maximum peak 
winding current while a larger feedback loop limits winding current 
to control some other parameter, such as speed or position. The 
overcurrent comparator then functions as a fail-safe device that 
commands SOFT START if the peak current loop loses control, as 
might happen if a power device becomes shorted. 


Is it Brake...or Break? 


The UC3625 contains provisions for braking by way of a 
multifunction pin called "RC / BRAKE". This pin also serves as the 
timing pin for the internal tachometer, pulsing between 1.67V and. 
3.33V every time the position sensors commutate. To command 
BRAKE, pull RC/BRAKE low with an open collector gate or switch. 
The tachometer then stops pulsing and all three low-side drivers turn 
on. : : 


Normal PWM configurations do not allow braking current to be 
modulated because the braking current does not normally flow 
through the sense resistor. The motor control circuit below includes 
three added diodes that, during BRAKE and all other circumstances 
causes winding current to flow through the sense resistor. Using this 
circuit, the UC3625 stops a motor as fast as the peak limit current 
setting allows and protects the output power devices and the motor. 
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Circuit For Safe Braking Series diodes guarantee that braking 
current will flow in the current-sense resistor 


Direction Reversal is Worse 


As with braking, direction reversal can also force excessive current 
into power devices if not checked. Direction reversal forces two of 
the three driver channels to go from high to low or low to high directly. 
With the UC3625, cross conduction is completely prevented, but 
high winding current is dependent upon the application. The higher 
the speed, the higher back EMF, and the higher the potential peak 
current. P 


The approach mentioned for braking also limits peak winding current 
during direction reversal. In addition, the direction latch and shift 
register in the UC3625 can be configured to prevent direction 
reversal until motor speed drops to a safe level. This latch also 
commands COAST whenever a direction reversal is commanded 
and motor speed is too high. 

The easiest way to configure this protection is using the internal 
tachometer to drive "SPEED IN" through a low-pass RC filter. The 
"SPEED IN" threshold is set to prevent reversal whenever input 
voltage exceeds approximately 250mvV. 


Other Protection Features 


To prevent confusion or insufficient drive to power MOSFETs, the 
UC3625 contains a comparator to lock off all six outputs until the 
Vcc input exceeds 9V, called under-voltage lock-out. The UC3625 
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also contains an uncommitted comparator that inhibits the outputs 
and clears the PWM latch whenever its input exceeds 1.75V. This 
can be used with a voitage divider for an over-voltage inhibit, or can 
be directly driven from TTL or CMOS for a logic controlled COAST 
input. 

To prevent very high power supply current spikes and to limit 
average current during faults, the UC3625 contains latched soft 
start. The latch is set by low power-supply voltage or overcurrent 
fault, and is only cleared when the setting condition goes away and 
the soft start input discharges to below approximately 200mV. 


Normally, the UC3625 is configured with a capacitor from soft start 
to ground, which is charged by the soft start 10uA current source. 
The UC3625 can also be configured to latch soft start until cleared 
by connecting a 4.3 volt zener and a normallly closed switch from 
Vref to soft start. The switch then functions as a reset switch. 


0.2V 
PEAK CURRENT 


UNDERVOLTAGE 


Manual Fault Reset Circuit Uses Zener Diode to Latch 
Faults 


Voltage Reference 


Finally, the UC3625 contains a precision voltage reference trimmed 
to 5V +/- 2%. This reference powers most of the internal circuitry for 
supply rejection and is available on the "Vref" pin for driving other 
circuitry such as Hall-effect position sensors and bias circuits. 
Operation of the voltage reference is guaranteed with loads up to 
30mA, and the reference is also short circuit current limited to 
approximately 100mA. 
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A NEW LINEAR REGULATOR FEATURES SWITCH MODE OVERCURRENT PROTECTION 
Robert Mammano and Jonathan Radovsky, Unitrode IC Corp; and 
George Harlan, Power General 


ABSTRACT 


This paper presents a new linear control citcuit which, in 
addition to offering benefits such as low input-out-put 
differential and a precise reference voltage, features a 
unique and innovative approach to overload protection. By 
using duty-ratio, switch-mode protection, this circuit 
’ eliminates both the high internal dissipation of constant 
current limiting and the latch-up tendencies of limiting with 
current foldback. 


THE CURRENT LIMIT PROBLEM 


As an opening statement, let us offer as a "given" that 
all linear power supplies need some form of over-current 
protection. Traditionally, this protection consists of 
configuring supply to control current - rather than output 
voltage - once an established threshold of maximum current 
has been exceeded. The method of current control can 
usually be classified as either “constant-current” or 
“current-foldback" current limiting and, while simple to 
classify, choosing between these two methods is often less 
than satisfying. 


The protective method most acceptable to the user is 
constant current limiting with a characteristic as shown in 
Figure 1. With the knowledge that a power supply will only 
deliver a maximum current regardless of what he might do 
to it, the user’s job of scaling his cables, switches, 
connectors, and other components associated with the 
power inputs to his system is greatly eased. He knows that 
no matter how non-linear his load may be, he can count on 
aregulated voltage whenever his current drain is within the 
supply’s rating. Further, he knows that the maximum rated 
current is always available to meet any demand asked of 
the supply. a 


The “benefits” of constant current limiting are another 
matter to the power supply designer, however. For 
example, a regulator designed to deliver 12 Volts at a 
maximum load current of 5 Amps, would probably start 
with a bulk input voltage of approximately 15 Volts and a 
constant current limit of 5.5 Amps. Under maximum rated 
load, the internal dissipation of the regulator is 3V x SA or 
15 watts but with a short to ground, this dissipation jumps 
to 15V x 5.5A or more than 80 Watts! This means that the 
thermal management and heat sinking must be sized for the 
short circuit condition resulting in a massive overkill in 
terms of volume, complexity, and cost with respect to 
normal operating conditions. 
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CONSTANT CURRENT LIMITING 


INTERNAL 
POWER 
DISSIPATION 


Pd ='Vin x Isc \ 


Figure 1: Constant current limiting. 


Acommon solution to this problem is to design a current 
limiting scheme as illustrated in Figure 2. Here the 
protection is actuated at 5.5 Amps when the output voltage 
is at 12 Volts but the allowable current then "folds back” 
as the output voltage falls due to increasing overload, until 
it reaches some much lower value - say one Amp in this 
example - with a shortened output. Now the dissipation 
with a short circuit is close to the same as it was with rated 
current and our designer's thermal! problems are solved. 


FOLDBACK CURRENT LIMITING 


MAX LOAD 
CURRENT 


‘ 


SHORT 
CIRCUIT 
CURRENT 


APPLICATION NOTE 


Minidip package allows the potential for meeting the cost objec- 
tive (plus the benefit of less PC board area), but in several i impor- 
tant ways, also restricts the device’s versatility. Recognizing this 
fact led to the introduction of the same chip in a 14-pin package 
with a UC1832 designation.’ The block diagram of this device, 
in a uA723-type application, is shown in Figure 8. 


The characteristics of the UC1832 include all the perfor- 
mance features of the UC1833 plus the following: 


1. Separating the +Vin line from the CS+ terminal so that the 
controller could be supplied from a higher potential, low-cur- 
rent, auxiliary voltage while sensing current from the main 
supply. 


2. Separating the Reference from the Error 
Amplifier (+) input and making both acces- 
sible to the user. Among other things, this al- 
lows phase reversal, an external or divided- 
down reference, and a convenient access point 
for soft-start. 
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3. Providing a separate input to the Driver’s 
local current limiter allows considerable 
flexibility in setting that limit either higher or 
lower than the 300 mA (typical) defined by the 
internal 2.4 ohm resistor. 


4. A separate logic-level digital shutdown 
function has been added to give more 


Programming options such as accepting a - 


shutdown command from an over-voltage 


sensor or implementing a turn-on delay. This 
input is fail-safe as it must be pulled low to 
allow the regulator to turn on. 


5.Allowing the input offset of the 
current sense amplifier to be pro- 
gramed with an external voltage on the 
VapJ terminal. normally provided bya 
voltage divider form Vref. With Vaps 
high or open, the ‘offset is 130 ON V. 
equivalent to the UCI833. When Vapj = 
0, the offset is increased to 300mV, 
allowing a much higher current limit level. 
A capacitor on this pin can be used to 
provide higher peak currents at turn on but 
lower levels for faults which occur later. 


R sense 


Lo Vino 


HiVin O 
(aux) : 


NPN PASS STAGE 


Figure 8: A 14-pin version, designated UC1832 / UC3832, offers enhanced versatility. 
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Timing waveforms during an overload cycle are shown in 
Figure 7 where the upper graph shows the output current from 
the regulator, the center one plots the voltage on the timing com- 
ponents, and the regulator’s output voltage is shown in the lower 
graph. Following the sequence of events as drawn in the figure, 
when the load current ramps up and crosses the 100 mV Com- 
parator threshold, the initial ON time begins. This initial period 
is about twice the duration of successive ON-times as the timing 
capacitor starts its charge from zero initially, while subsequent 
ramps begin from the lower Comparator threshold. While the 
timing capacitor is charging, the regulator current is limited by 
the action of the Current-sense Amplifier to maintain a level of 
130 mV across the sense resistor. While in current limiting, the 
regulator’s output voltage falls to whatever value that current will 
allow across the faulted load impedance. 


OVERLOAD 


OUTPUT 
CURRENT 


to (nom) 
UTh fs 
ct 
VOLTAGE 
LTh 
Vo (nom) 
OUTPUT 
VOLTAGE 
® 2 Ton 20 Ton | Ton! 20 Ton 


Figure 7: Load current, timing capacitor voltage, and output voltage of the 
regulator under fault conditions. 


The ON-time continues until the internal 10k resistor charges 
the timing capacitor to the upper Timer threshold. At this point, 
both the ON-time of the regulator and the charging of the timing 
capacitor are terminated, and the capacitor now discharges 
through RT, while the regulator is held OFF until the voltage on 
CT reaches the lower threshold, at which point the cycle repeats. 
If the load fault is removed during an ON-time, the Timer is im- 
meadiatly disabled allowing the regulator to recover and the 
timing capacitor to discharge back to zero. If the faultis removed 
during an OFF-time, the Timer must complete that cycle of 
capacitor discharge before allowing the regulator to turn back on. 
In special applications requiring an extended ON-time, the cor- 
respondingly long recovery may be accelerated by interrupting 
the input voltage, as the falling internal 5 V source will discharge 
CT through D1 and an equivalent 1k impedance. 


Duty-ratio protection has greatly eased the problem of heat 
sinking created with a constant-current solution since the area of 
the heat sink, or its thermal resistance, need only remove the 
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average power as reduced by the duty ratio. Heat sinks for the 
internal power devices must now only have adequate thermal 
mass to absorb the high peak power of the initial ON period. 


REMAINING CONTROL CIRCUITRY 


Other blocks within the UC1833 include a 2.0 Volt band-gap 
reference internally trimmed to 1% and a low input-offset Opera- 
tional Transconductance Amplifier (OTA) to serve as the error 
sensing and amplifying circuitry. The OTA Error Amplifier has 


.agm of about 4 millimho and an output current capability of 


+/- 300 uA. This form of amplifier can usually be compensated 
with a simple network - often a single capacitor - from its output 
to ground; but more commonly, an R-C pole-zero pair is also 
added to compensate for an external PNP pass transistor’s gain 
characteristics. 


The Error Amplifier is followed by a unity-gain Buffer 
Amplifier which controls the Driver Stage consisting of a Dar- 
lington transistor pair with local current limiting. This Driver can 
either source or sink current, allowing its use as a driver for either 
NPN or PNP pass transistors. The Pullup and Pulldown current- 
sources shown at the Sink and Source terminals of Figure 6 are 
to provide turn-off bias to the pass transistor during duty-ratio 
switching so that it is not turned off into a BVCEO condition. 


Not shown on the schematic are two additional forms of 
protection built into the UC1833: Thermal Shutdown (TSD), and 
Under Voltage Lockout (UVLO). While it could be argued that 
thermal protection on the control chip does nothing to protect the 
pass transistor, the fact that the Driver can conduct up to at least 
100 mA with a large portion of the input supply voltage across 
it, can result in more than acceptable internal heating of the 
UC1833. A good practice, when voltage levels permit, is the ad- 
dition of an external resistor in series with either the Source or 
Sink outputs of the Driver to-remove some of the voltage - and 
therefore some of the dissipation - from the controller. 


Under Voltage Lockout keeps the Error Amplifier output low 
until the supply voltage reaches approximately 4 Volts insuring 
that all internal circuits - particularly current limiting functions - 
are intelligent before allowing the pass transistor to turn on. The 
UVLO function also disables the Pullup current feeding into the 
Sink terminal, for low input voltages, so that the pass transistor 
cannot be driven in the reverse direction should the input supply 
fall with a charged capacitor or other energy source on the out- 
put. The Source Pulldown current source is also disabled with 
UVLO but this terminal also has a two-diode path from the Source 
to the Compensation terminals. This is to allow any shutdown 
function which pulls the Comp pin low to discharge capacitance 
at the regulator’s output without reverse-biasing the Driver’s 
emitter-base junction. 


THE UC1832 14-PIN CONTROLLER 


An important objective in the design of the UC1833 was that 
in addition to providing significant operating benefits over the 
omnipresent uA723, the resulting product should be cost-com- 
petitive with that device. Committing the UC1833 to an 8-pin - 


9-190 


APPLICATION NOTE 


U-116 


R sense PNP PASS DEVICE . .. 


the left of this figure where the current-sense Com- 
parator and Amplifier are shown sharing the same 
input sense pins. Note that their offset voltages are 
derived by a constant current through R1 and R2 in 
series rather than independently as shown in the 
more simplified earlier block diagram. By adding 
30 mV to the 100 mV offset of the Comparator, the 
Amplifier’s offset will more accurately track that of 
the Comparator should any variations occur, and 
the criteria to have the Comparator always activate 
first is assured. 


nv éce The current sensing portion of this circuit is to 


Co 
10uF 


A characteristic important to current protection 
is the accuracy of its threshold as any tolerance rep- 
resents a window of undefined operation which 


Figure 5: The new UC1833 / UC3833 linear regulator. 


The Amplifier part of the current sense circuitry has an input 
threshold of 130 mV and. overrides the output of the Error 
Amplifier to control the driver - when enabled by the ON-time of 
the timer - to regulate the supply’s output current to a maximum 
amount determined by 130 mV divided by the value of the sense 
resistor. The 30 mV differential between the thresholds of the 
Amplifier and Comparator insures that current limiting can never 
occur without prior initiation of the timer. 


OVERLOAD PROTECTION CIRCUITRY 


The ‘operation of the overload protection cireuitry can be 
better understood by referring to the simplified schematic of 
Figure 6. 


works to the disadvantage of both designer and user" 
of the power supply. Recognizing this, the 
UC1833’s thresholds are derived from its precision 
reference resulting in a Timer activation threshold 
guaranteed to 5 percent over all operating conditions. 


The output of the Current Amplifier connects into the output 
stage of the Error Amplifier where it can easily take command 
when activated. The compensation capacitor must compensate 
both the voltage and current feedback loops, and since the cur- 
rent loop must override the voltage control, its gain will be higher 
making the current loop the more difficult to stabilize. To 
evaluate the current loop, grounding the Timing pin will disable 
the Timer and allow continuous constant current operation. This 
can be useful either as a temporary measure while designing the 
current compensation network, or permanently to implement a 
constant-current limited power supply, 


+Vin TO 


INTERNAL 
CIRCUITRY 


The Current Sense Com- 
parator is phased such that its ac- 
tivation turns off Qi which turns 
on Q2 and Q4 to start the timing 
cycle. The timer is a gated astable. 

’ relaxation oscillator with ON and 
OFF ,times independently 
programmed using an external 
resistor and capacitor, RT and CT. 
The external components work in 
conjunction with an: internally 
switched 10k timing resistor 
shown in the schematic as R3. 
With RT much greater than 10k, 
the ON time is defined by R3 and 
_CT, while RT and CT determine 
f the OFF time. The thresholds for 
the Timing Comparator are set at 
1/3 and 2/3 of the internally regu- 
lated 2.7V source by the values of 


Figure 6: A simplified schematic of the UC1833 control circuitry. 


R4, R5, and R6. 
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But what about his customer? His load may be complex, non- 
linear, and often not even well understood. Figure 3 shows typi- 
cal load characteristics for digital and analog circuitry but an ac- 
tual system may include all of these plus motors which need to 
be started and capacitors which need to be charged. Any protec- 
tion scheme which allows the static load line to intersect the 
foldback current curve as shown in Figure 4 is potentially subject 
to latch up because the load draws more current than the regulator 
can supply at the voltage where the curves cross. 


TYPICAL LOAD LINES 


- TTL LOGIC 


Dw 


PERCENT SUPPLY VOLTAGE 


0 20 40 60 80 100 


PERCENT LOAD CURRENT 
Figure 3: Typical digital and analog load lines. 


FOLDBACK LATCH — OFF AT START 


Figure 4: Latching at start-up with foldback. 


An application particularly susceptible to latch up due to 
foldback current limiting occurs when two supplies are used to 
provide positive and negative voltages to a load where there is a 
path for "rail-to-rail" loading. As the regulators turn on, their out- 
put capacitors are charged at rates determined by the values of 
the capacitors and the amount of current each regulator can 
‘provide as its output rises up the foldback curve. Since these cur- 
vesare unlikely to be perfectly matched, one output will dominate 
the other. As the faster one’s output voltage increases, it provides 
more current through the common load. This forces the slower 


U-116 


one back down the foldback curve where it provides less current, 
compounding the problem and ultimately latching when its out- 
put is driven past zero to a reversed polarity. Thus a foldback- 
limited regulator, which might be stable when used by itself, may 
latch when used as one-half of a dual-polarity system due to this 
“turn-on slew rate” phenomenon. 


So what we have concluded is that while the power supply 
designer needs to incorporate foldback current limiting to reduce 
power dissipation, his customer needs constant-current limiting 
to insure reliable starting. It is the contention of this paper that 
what they both really need is duty-ratio protection. 


DUTY-RATIO OVERCURRENT PROTECTION 


Duty-ratio protection can be simply described as a constant 
current limiting regulator with a timer. The timer’s function is to 
turn the regulator’s power stage OFF and ON with an established 
duty cycle ratio such that the high internal power dissipation of 
constant current limiting is reduced by the duty ratio to a much 
more manageable average value. 


Referring back to our earlier example of a 12V, 5A regulator, 
consider setting the constant current limit at 5.5 amps but addi- 
tionally establish a duty ratio for the timer at 1 to 20 for "ON" to 
"OFF". If we set the "ON" time sufficiently long to charge 
whatever capacitance might be on the output, the regulator will 
power up with the constant current characteristic, insuring start- 
up regardless of the loading. In the event of an overload or short 
circuit (defined in this device as remaining in current limiting for 
a period of approximately 2 x Ton), the regulator will periodically 
shut down for a time equal to 20 x Ton and then continue to cycle 
in a 1 to 20 duty cycle until the fault is removed. Although the 
peak power during Ton might be 80 Watts, the average fault dis- 
sipation at this duty ratio is only 4 Watts - less than the normal 
15 watt operating power loss, and we have thereby satisfied both 
the designer and his customer. 


INTRODUCING THE UC1833 / UC3833 


The block diagram of this new linear regulator control IC is 
shown in Figure 5. This circuit can be used in many different 
ways but its primary intent is as a high-efficiency régulator im- 
plemented with an external PNP. pass transistor as shown in the 
figure. The circuitry in the right half of the UC1833 block 
generates the voltage error signal used to activate an NPN Dar- 
lington driver which, in turn, drives the base of the PNP pass 
device. This common-emitter pass transistor configuration al- 
lows this type of regulator to operate with a minimum input-out- 
put differential of well less than one Volt, even at high loads. 


Duty-cycle current limiting is accomplished with the circuitry 
on the left half of the block diagram, where an Amplifier and a 
Comparator are seen, both monitoring the voltage drop across a 
single current sense resistor. The Comparator has an input 
threshold of 100 mV and, when activated, initiates a timer to al- 
ternately clamp and release the base of the driver to ground there- 
by switching the output of the regulator from Vout to Zero with 
a low duty ratio. 
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UC3833 Typical Applications 


See appendix for component selection 


LOW CURRENT APPLICATION 
using the UC3833 internal drive transistor 


LINEAR REGULATOR 


using an external power transistor 
as a series regulator 


HIGH CURRENT REGULATOR 
using drive transistor Qo to increase Q; base drive 
and reduce UC3833 power dissipation 


Ri 


G8) 
UC3833 
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TYPICAL OUTPUT CURRENT vs. Vin and Vout 


of the UC3833 internal drive transistor 
for Paiss = 0.5 W (approx.) 


P CHANNEL POWER MOSFETs 
can also be used as the series pass transistor Q; 


PARALLEL PASS TRANSISTORS 


can be added for high current 
or high power dissipation applications 
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. UC3832 Applications 
See appendix for component selection 


LOW DROPOUT REGULATOR 
The UC3832 features a seperate supply input for operation from an 
auxiliary power source. Useful in low dropout applications. 


Oy Vin (Hh 


OF Vin (LO) 


$1 - Closed: Normal operation 
Open: Output disable 


PRECISION LABORATORY POWER SUPPLY 
featuring adjustable voltage and current limiting 


$1 - Closed: Normal operation * $2 - Open: Duty ratio current limit 
Closed 


: Constant current output 


Open: Output disable 
or Imax adjust. 
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APPENDIX 
Design Equations and Component Selection 
Ri - Current Sense Resistor 


R1 =0.135 Vout (max) UC1833 AND 1832 WITH Vaoy = 2.5V 
GENERAL USE HIGH CURRENT 


LOW CURRENT 


a 
mA ohms : 

SS es Ee eee rr ee ee 
a ee ea eee a ee ee ee 
| ee ee SS aa ESS ee 
| ee ee a See eS 
a a a eee ans ee ee 
zz a a ae a a a ee 
ee Ee ) Eee ees eee. 
| 80} | 20 65 I 
a ae wn eee 


Re - Output Voltage Divider Resistor 


seesecreeee POPOL ISRELICOSLOEE EEESOSEDERITEDETEDCEREDEOELIOEDODSDCPEE SO DLESEOTIOCOORETOCIESOELESBEDE NITE A IIECOISCCREEED ELEPSPCREDOSDESOSCEPLSEER 


Rez = (Vout - 2.0V)/1mA 


ADJUSTABLE 
| Vourmax | Re 
p12 | OK POT _| 


Rs - Drive Current Limit Resistor 


verereveeeeveete MALORNE EEN PO ONROCUOL EEC OCOE OE OOLEEEO ECCLES ORI ORTON NTE EOD TODS COLON RPED LIER EUC CEEOL SEN COLE COLON TTE CCRC ALEC CCE EECOCEE TOY 


R3 = ((Vin - VBE - Vsat)* Beta (min))/lout (max) 


For circuit diagram of Fig. 4, For circuit diagram of Fig. 5, 
Beta (min) = 25, Vee = 0.7V, Vsat = 1.5V Beta (min) = 25, Vee = 0.7V, 


Vsat ~ Vee (Q2)+ Vsat (UC3833} 1.5V 
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Ton = 0.693 * 10K * CT 
Toft = 0.693 * Rr * Cr 
Duty Ratio = Ton/(Ton+ Toff) = 10K/(10K+ Rt) 


NOTE: Typical duty ratios are between 0.5% and 5% 


cai 
ohms 
PH BOK 
PH 4OK 
PH 880K 
ee ey 
ieee 
PSH 


msec uf sec uf 

a ee ee ee ee | Seen OT | eee 
ee ee | a ee eae" Se 
ie Seen ee eee ne (ce «ee 
eS (a ee ee ae ees ee | ees 
aE eee eee eee eX ee <<: 
a eee ee ee PC DOC“‘cK]SCCCOCGBOTCOd 
eee eee ee es 1000 

PC O_—“ ae pCi‘ CCT 1500 


* Timing capacitor Crt should have extremely low leakage current. 


Q1 - Pass Transistor 


Transistor MOSFET _ MOSFET 
ae 

D41D4 RFP5P12 

D45C2 RFEP6P08 

MJE6040 RFP12P08 IRFZ10 
a 

2N6666* IRFZ20 

2N6648* RFK25P08 IRFZ20 

'_ REK25P08 

| CNG 285* 


RFEK25P08 : IRFZ40 


< 1.0 
7.5 


* Darlington transistor 
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A higher power application is shown in the schematic of 
Figure 10 which was designed to supply 5 Volts at 5 Amps. 
The UC3833, configured as shown, will meet this require- 
ment with an input voltage as low as 6 Volts due to the low 
saturation voltage of the paralleled 2N6489 transistors and | 
the fact that the maximum non-fault voltage on the sense 
resistor is less than 100 mV. Actually, a little more sense 
voltage was sacrificed in the interests of selecting a standard 
resistor value, with the excess divided down by the 
56/100 ohm divider. The additional BD438 drive transistor 
was added to boost the UC3833 drive.current and keep the 
internal power dissipation low. 


A third application of the UC3833.is one which took par- 
ticular benefit from duty-cycle current limiting. This was for 
a disk drive power supply which required considerable cur- 
rent at turn-on to accelerate the disk. The circuit schematic 


.is the same as that shown in Figure 10 with the voltage sense 

resistors selected for a 12 Volt output. The power require- 
ments dictated a peak start current of 5 Amps decaying to 
3 Amps in 30 seconds as the motor reached operating 
velocity. The current sense resistor was chosen to give a Timer 
initiation at 4.75 A and a constant current limit of 6.1 Amps. The 
timing capacitor value was set at 3300 uF yielding an ON-time 
of approximately 20 seconds, with 40 seconds for the initial turn 
on period ~ during which time the motor current will decrease to 
less than the lower threshold. With a duty-ratio of 20:1, when a 
fault does occur, the OFF-time wil! now be greater than 6 minutes, 
but, if this is excessive, recycling the input voltage to the regulator 
will reset the timing capacitor. 


CONCLUSION 


While no one can deny the long-term success of the uA723 
as a general-purpose linear regulator controller, there has also 
long been a call for a device to improve its many limitations. 
While other products have been marketed offering some 
parametric improvements, the UC1833 - and its companion 
UC1832 - are the first to offer an innovative solution to a very 
basic’ problem. By combining switch-mode protection with 
linear regulation, these devices answer the question of which 
form of protection is best for whom, with a solution that is best 
for everyone. 
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Figure 10: A high-efficiency configuration with added current boost will deliver 5V at 5A 
from a 6V source. 
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UC1860 —- NEW IC CONTROLS 
RESONANT MODE POWER CIRCUITS 


Larry Wofford 
Unitrode Integrated Circuits Corporation 
7 Continental Boulevard, Merrimack, NH 03054 


ABSTRACT 


A new integrated circuit, the UC1860, is introduced. Its 
prime purpose is to provide the control function in resonant 
mode power supplies operating at frequencies up to 3 MHz. 
A frequency modulated, fixed on-time control scheme is 
implemented. Additional features include a programmable 
under voltage lockout circuit and a programmable soft- 
start/hic-up circuit. 


BACKGROUND 


For years, rumblings of the coming (or perhaps more 
correctly, reapplication) of resonance as a useful tool in 
the power control world have been growing progressively 
louder. Being a recognized manufacturer of pulse width 
modulation control ICs, some of these noises have been 
focused directly at Unitrode Integrated Circuits Corpora- 
tion. Receiving, conditioning, filtering, and discriminating 
these signals, however, has been somewhat of a frustrating 
chore. Information indeed has been sought to aid in the 
definition of chip to perform all required resonant mode 
control functions. Too often the response was an inverse 
request: “Tell me what the chip looks like and then I can 
design my power supply.” The immaturity of the technol- 
ogy has naturally made the sharing of information 
somewhat less than authorative. Finally there came a day 
when a best guess architecture and specification goals list 
had to be embraced as presumed gospel. It is that choice 
that has resulted in the chip to be discussed in this paper. 

This paper, then, will describe the UC1860 with respect 
to its architecture and the specific features and perfor- 
mance of some of the sections. The chip is intended to fully 
implement all features necessary for the control function 
in a resonant mode power supply. 


BLOCK DIAGRAM 


The UC1860 control IC is designed to control power 
conversion circuits requiring frequency modulated fixed 
pulse widths such as resonant or quasi-resonant mode 
power supplies (figure 1). 
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The central section of the system is composed of 6 main 
blocks. A precision reference is provided for the error 
amplifier. These serve as the basis to control a variable 
frequency oscillator (VFO) which in turn triggers a one- 
shot. The programmable one-shot determines the output 
pulse width of the output drivers which are specifically 
designed to drive power mosfet gates. Finally a toggle flip 


flop steers the one-shot signal to the appropriate output 
stage. 


In a typical application, the error amplifier is used to 
compare power supply output voltage to the internal 
reference. The error amplifier is also used as a gain block 
with which to compensate the overall power supply control 
loop. The output of the amplifier is resistively coupled to 
the VFO to control frequency. VFO frequency is directly 
proportional to error amplifier output voltage. Output 
pulse width is selected by an external RC pair. Pulses are 
sequenced to the output pins to activate the switches in 
the power circuit. 


On chip peripheral housekeeping blocks are under 
voltage lockout (UVLO), fault management, and start-up/ 
restart sequencing. The UVLO block forces the chip to 
wake up in a consistent and intelligent state when power 
is applied. 


An additional uncommitted open coliector comparator 
is on chip. This comparator can be used to accomplish a 
host of user defined functions. 


ERROR AMPLIFIER 


Understanding the chip requires considering the blocks 
one by one. The first block of interest in the main control 
section of the chip is the error amplifier. This amplifier is 
a high bandwidth, low offset, clamped swing design (figure 
2). The non-inverting input is internally connected to a 
resistive divider from the reference voltage. While the 
divider is set for 3V, the combination of offset voltage and 
divider accuracy is specified as a ratio of the reference 
voitage. This allows an external reference of greater 


accuracy to drive the chip reference for better system accu- 
racy. 
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FIGURE 1. UC1860 SIMPLIFIED BLOCK DIAGRAM. 
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With three gain blocks (transconductance. transresis- ’ 


tance, and voltage), the amplifier is compensated by two 
capacitors. The first feeds forward around the first stage 
directly to the second stage. This is because the first stage 
is designed for high gain and low offset but-has poor high 
frequency characteristics. The second capacitor, the main 


Ccomp = 16pF 


EA OUT 


~ Wro 


FIGURE 2. ERROR AMPLIFIER WITH OUTPUT SWING CLAMPS. 


compensation capacitor, ia connected from the output to 
the inverting input. 

Amplifier bandwidth is controlled by the impedance seen 
by the inverting input terminal. To the first order, 
bandwidth in a simple feedback configuration is easily 
calculated by the equation 


1 
27(Rin\(Ccomp) 


fo = ’ (eq. 1) 


where Ccomp is the internal 16 pF compensation capacitor 
that appears between the output and inverting input pins. 
The amplifier is unity gain stable for unity gain 
bandwidths less than 5 MHz tie. Rin > 2 kohm). 


Higher gain bandwidth products can be obtained by 
choosing Rin and closed loop gain appropriately. Figure 3 


100 

= a 
z 60 @ 
5 AO 
mw 

g eonee 
= 70 Y 
g -20 $ 
-40 ™ 


10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 
FREQUENCY 


FIGURE 3. ERROR AMPLIFIER FREQUENCY RESPONSE. 
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shows the gain and phase characteristics of the amplifier 
for various resistive input impedances. Note that the phase 
curve is the same at higher frequencies for all three values 
of Rin shown. This is to be expected, since the higher order 
poles are internal to the amplifier. The combination of Rin 
and Ccomp primarily adjust the first pole position leaving 
higher frequency phase response unchanged. 


Since the error amplifier is intended to control the fre- 
quency of the VFO,.the outputs are clamped to obtain 
predictable minimum and maximum frequency. Each 
clamp circuit is actually an independent amplifier that 
monitors the output of the error amplifier and compares 
it to a reference. The reference for the lower clamp 
amplifier is the voltage at the Iypo pin while the upper 
clamp is 2V higher. If the error amplifier attempts to ex- 
ceed either of these ievels, the appropriate clamp amplifier 
overrides the third stage of the error amplifier and the 
output is held at the clamped value. Figure 4 shows a plot 
of typical input offset voltage as a function of output vol- 
tage. In the figure, the horizontal axis is output voltage 
referenced to the Iyro voitage. Note the sharp edges at 
the two extremes indicating clamped operation. 


ERROR AMP 
INPUT VOLTAGE (mV) 


t_| 
0.0 1.0 2.0 
NORMALIZED ERROR AMP OUTPUT VOLTAGE (V) 


FIGURE 4. ERROR AMPLIFIER OC CHARACTERISTICS. 


VARIABLE FREQUENCY OSCILLATOR 


The variable frequency oscillator and one-shot functions 
are. closely integrated to achieve the desired operating 
characteristics. ECL type logic gates and comparators are 
used to facilitate high frequency (3 MHz) operation. The 
oscillator will free run at a frequency of approximately 


Ivro (eq. 2) 


CyFo 


f(osc) = 


In no case, however, can the frequency of the oscillator 
ever exceed the frequency required to support a complete 
pulse width from the one-shot. 

Figure 5 is a detailed block diagram of both the VFO 
and the one-shot. The frequency of the VFO is proportional 
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CONTROL MAXIMUM FREQUENCY 


FIGURE 58. TIMING DIAGRAMS FOR THE VFO AND ONE-SHOT. 


to the current into the Ivpo pin. This pin is the input to normal operation, when Cyfo discharges to the lower os- 
a Wilson style current mirror and exhibits the temperature cillator threshold, hysteretic comparator X1 changes state 
coefficient of two diodes (approximately !.4V at 25C with causing gate X3 to recharge both Cyro and the timing 
a temperature coefficient of -4mV/C). {ypo current is mir- capacitor on the RC pin. Hysteretic comparator X1 then 
rored about to discharge the timing capacitor, Cyro: Under resets and the oscillator recycles. 
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The trigger (TRIG) and oscillator disable (OSC DBL) 
inputs can be used to modify the free running characteris- 


tics of the oscillator. If TRIG is raised above its threshold — 


during the discharge time of the oscillator, the recharge 
sequence is immediately executed, resulting in synchron- 
ous operation. If, however, OSC DBL is true when either 
the lower threshold is crossed or the trigger input is re- 
ceived, X1 will change states, but X3 will not recharge 
the capacitors. They will continue to discharge until a 
lower retaining level is reached.-As soon as OSC DBL 
returns false, then recharge action occurs immediately. 


When the error amplifier output and the oscillator input, 
Ivo are coupled with a resistor, R vro, then the oscillator 
frequency is determined by 


Vea-— Vivro 
Rvro+Cvro 


f(ose) = (eq. 3) 


where Vr, is the output voltage of the error amplifier and 


Vivro is the input voltage at the Ivro pin. The VFO gain, 
df/dVe, is : 


df(ose) * 1 = (eq. 4) 
aVea Rvro+Cvro 


$ 


Veer ~ Vivro 
Ru * Cvro 
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With this simple arrangement the maximum frequency 

is given by ; 
2V 

Rvro+Cvro 
since the error amplifier maximum output is clamped two 
volts above the IFVO pin. Likewise, the- minimum fre- 
quency should be zero. There is, however, an obvious limi- 
tation of minimum frequency in the input offset voltage 
of the lower clamp amplifier. Actual minimum frequency is 


f(max) = 


(eq. 5) 


f(min) = vio (eq.6) 


Rvro + Cvro 
For lower clamp offsets less than 5mV, the maximum range 


of frequency would be the ratio of 2V and 5mV, or 400 to 
one. é 


When a nonzero minimum frequency is desired, an addi- 
tional current can be injected into the lyro pin independent 
from the error amplifier. This can be most easily 
accomplished by a single resistor from the lyfo pin to Vrgr 
(figure 6). In this case, minimum frequency is given by 


Vrer-Vivro 
Ra» Cvro 


f(min) = (eq. 7) 


f(min) = 1V 
Rw *Cvro 


FIGURE 6. MINIMUM OSCILLATOR FREQUENCY. 
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where Ry is the externai resistor. It is important to note 
that this method is not inherently flat over temperature 
since the voltage at the Ivro pin varies as two diodes. If 
this variation is unacceptable, three resistors and a pnp 
transistor can overcome this problem resulting in a 
minimum frequency of 


1V 
Rue Cyro 


f(min) = 


(eq. 8) 


ONE SHOT 


The one-shot capacitor at the RC pin is recharged concur- 
rently with Cyvro. This sets the output of comparator X4 
to a low state allowing S/R latch X6 to be reset. The latch 
is reset by the signal coming from the output of X2 in the 
oscillator section via gate X5. The output of X5 also blanks 
the one-shot off. This is done for accuracy reasons so that 
the on time is solely a function of the resistive discharge 
of the RC pin. When both caps have been charged fully, 
the oscillator circuit drives the output of X2 low allowing 
both caps to discharge. The timing cap is discharged by 
an external resistor. The threshold of comparator X4 is 
set at 80% of the timing capacitor’s full charge value. 0.22 
time constants are required to reach this threshold making 
the on time 


t(on) = 0.22.RC. (eq. 9) 

When the lower threshold is reached. X4 output goes 
high setting S/R latch, X6, and the one-shot pulse is termi- 
nated. 


It is important to observe two interactions between the 
VFO and the one-shot. While the one-shot is high, gate 
X5 prevents the oscillator from erroneousiy blanking the 


output low. The high output also prevents X3 from recharg- © 


ing the timing capacitors in the same wav that OSC DBL 
does. This insures that in nq case can the oscillator period 
(the inverse of eq. 2) be shorter than the time required for 
the one-shot. In cases where the VFO attempts to overrun 
the one-shot, the one-shot dominates and establishes 
maximum frequency. 


TOGGLE FLIP FLOP 


The output of the one-shot, in addition to limiting the 
VFO from out running the one-shot. performs two other 
functions (figure 1). A logic high Jevel.from the one-shot 
causes one or both of the outputs to drive high. Fhe falling 
edge of the one-shot not only turns the outputs) off, but 
it triggers the toggle flip flop to change state. The toggle 
flip flap selects the output to be driven if the output mode 
control pin is Jow. If the output pin is high, both toggle 
outputs are high causing outputs A and B to operate in 
unison. 
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OUTPUTS 


The output blocks are well suited to driving the active 
capacitive load presented by power mosfet gates. With this 
load in mind, they are designed to deliver currents up to 
3A in both source and sink directions. Current rise times 
are in the order of 75A/us. This results in rise and fall 
times of 50 ns when driving series loads of 10nF and 2.4 
ohms (figure 7). Unloaded transitions are 12ns. Of course, 
cross conducted charge has been minimized within the 
constraints of high speed design goals. 


It is well worth noting that careful attention to low in- 
ductance printed circuit board layout along with proper 
damping and application of schottky clamp diodes are 
necessary when driving a large capacitive load directly. 
Disregard for this caution will result in the output/load 
combination becoming a highly excited tank that will ring 
and inject current into the chip substrate. Such injection 
is almost always a sure cause of problems in bipolar ICs. 


REFERENCE 


The bandgap reference needs little mention since it is a 
standard, borrowed from many previous designs. Trimmed 
for precision at wafer probe to 5V, it is specified at 1% 
tolerance at room temperature with no more than a 2% 
spread over temperature. While intended as a reference, 
not a voltage regulator for external use. it has line and 
load rejection capabilities that will allow it to be used as 
such for loads under ima A bypass capacitor is required 
on the reference. 


UVLO 


The UVLO block (figure 8) consists of three comparators: 
arranged to allow for flexibility of application. They can 
accommodate off-line, DC to DC, and even operation from 
a 5V supply. 


The first of the three comparators monitors Veg. It has 
hysteretic thresholds of 17 and 10V. This spread is ideally 
suited to off-line applications. The output of the V.,_ com- 
parator is an emitter follower that can go no higher than 
approximately 6.5V. 


The second comparator monitors the UVLO pin which 
is resistively driven from the output of the V,, comparator. 
This comparator turns the reference on or off, controlling 
the bias in the chip. When the reference is off, Ip, is less 
than 0.5mA. After operation commences, I,, increased to 
approximately 35mA. The thresholds of this second com- 
parator are 4.0 and 3.5V. : 


The third comparator monitors Vppy and has a threshold 
of 4.5V. If either this comparator or the second has a low 
output, then the chip is disabled and reset.. When this is 
the case, both output are driven to a low state, the toggle 
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SV/DIV 


SV/DIV 


50ns/DIV 


FIGURE 7, OUTPUT STAGE MEASURED PERFORMANCE. 


INTERNAL 
RUN/STOP 


START/STOP 


FIGURE 8. UVLO DETAILED BLOCK DIAGRAM. 


flip flop is preset to select ouput A, the soft-start capacitor 
is discharged, and the fault latch is reset. 
Application of the UVLO features is simple. With no 


tic threshold of the second comparator. Keep in mind that 
_ the UVLO pin has an input impedance of 23 kohm when 
selecting the two external resistors. Operation from a 5V 


connection to the UVLO pin. the behavior of the UVLO 
block is dominated by the V,, comparator and is suited 
for off-line usage. DC to DC applications can be made by 
two external resistors, one from V., to UVLO and the 
other from UVLO to ground. This exploits the 4V hvstere- 


supply is achieved by tying UVLO, Veg. and Vag all to 
the external 5V supply. The UVLO pin can also be used 
to disable the chip at any time by pulling it below 3.5V. 
The UVLO pin wiil source no more than 1.5mA when 
pulled to ground. 
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FAULT MANAGEMENT AND RESTART 
SEQUENCING 


The fault comparator and latch along with the soft-start 
and restart delay functions are shown in (figure 9). When 
the chip is powered up, UVLO resets the fault latch and 
discharges the soft-start capacitor, Cos. The restart delay 
capacitor, Cap, is also discharged since the latch is reset. 
After UVLO, Cgg is charged by an internal 5A current 
source. The voltage at the soft-start pin is used to modify 
the upper clamp voltage of the error amplifier. In this way, 
a slow frequency ramp is obtained from zero to the point 
where the control loop takes over. 


The chip is designed for easy implementation of a hic-up 
style of fault management. The fault comparator will sense 
signals with a common mode range of —0.3 to 3.0V. If 
(hopefully never in your application) the input to the fault 
comparator causes its output to go high, the fault latch is 
set. Immediately the one-shot is cleared and the outputs 


SFT STRT 
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turn off. Css is also discharged. Crp is then allowed to be 
charged by an internal 5A current source. This is the 
zero power dissipation time in the hic-up cycle. Until the 
restart delay capacitor charges to 3V, the fault latch cannot 
be. reset. When both the fauit comparator output is low 
and Crp is over 3V, the fault latch is reset. At this point 
in time, Crp is discharged and Cgg is allowed to soft-start 
the chip. If the cause of the original fault is still present, 
the chip will continue to hic-up until the fault condition 
is removed, when normal operation will resume. 

Note that the internal 5A sources are not tightly con- 
trolled. However, if either soft-start or restart delay time 
is critical, a 50k resistor to Vrgg will provide a precise 
current that is sufficient to swamp out any inaccuracie 
of the internal source. # 


Two variations of the hic-up are possible. Selecting a 
value of zero for Cap will cause the chip to immediately 
attempt to restart upon removal of the fault signal. If, on 


TO ERROR AMP 
HIGH CLAMP 


TO ONE SHOT CLR 


FIGURE 9 FAULT. MANAGEMENT AND RESTART SEQUENCING BLOCK DIAGRAM. 
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the other extreme, fully latched fault behavior is desired, 
then the restart delay pin (RST DLY) can either be 
grounded or tied to the open collector output of an external 
logic gate. This uncommitted comparator could be used for 
this application. When Restart Delay is held low, then the 
only ways to reset the fault latch and reinitiate operation 
of the chip are to remove V,, (UVLO will clear the latch) 
or release RST DLY, allowing it to exceed 3V. 


UNCOMMITTED COMPARATOR 


The uncommitted comparator is similar in design and 
speed to the fault comparator except its output drives an 
open collector npn transistor. This output can be used in 
a variety of applications. One would be to shunt the RC 
pin with a second resistor causing a reduction in one-shot 
pulse width. The input common mode range is identical 
to the fault comparator, ~0.3 to 3.0V. 
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SUMMARY 


The UC1860 control chip has been designed with the 
necessary features to implement the control function in 
resonant mode power conversion circuits operating at fre- 
quencies up to 3 MHz. While some publicized applications 
have been considered in the design of this chip. its versatil- 
ity should accommodate many specific adaptations of re- 
sonant mode power systems as weil. 
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UC3860 RESONANT CONTROL IC REGULATES 
OFF-LINE 150 WATT CONVERTER 
SWITCHING AT 1 MHZ 


ABSTRACT 


This paper is intended to explore in significant detail the intricacies 
of the quasi-resonant half bridge topology. Voltage and current 
waveforms in addition to transferred charge and energy will be 
analyzed as functions of time, and input/output conditions. Specific 
and generalized equations are given for this example, also 
applicable to other topologies by those skilled in modern power 
supply design. .. 


INTRODUCTION 


The thrust towards resonant mode power supply designs has been 
fueled by the industry's demands for increasing power densities and 
high overall efficiency. Coupled with the additional requirements for 
low EMI, many designers are exploring the most likely candidate for 
todays sophisticated, high frequency power supplies; resonant 
mode power conversion. 


amperes of load current, it operates from a 110/220 AC input, or 220 
to 380 VDC at high efficiency. 


DESIGN CONSIDERATIONS AND OVERVIEW 


Although several basic topologies deserve consideration in this 
off-line application, only the Half Bridge configuration offers 
numerous key advantages. As opposed to the single-ended Forward 
converters, the half bridge provides bidirectionial utilization of the 
transformer, thus eliminating the need to incorporate dissipative or 
complex flux reset mechanisms. In addition, the primary switched 
voltage is one-half that of its single ended or full-bridge counter-part, 
significantly reducing the turn-on losses. As areminder, zero current 
switching minimizes ONLY the turn-off losses. During turn-on, 
however, the current rises linearly before resonance commences, 
and the half bridge results in lower turn-on losses due to the lower ~ 
voltage. 


While a bewildering selection of possible resonant mode topologies 
and configurations exist, this paper willHfocus-on the quasi-resonant 
half bridge topology. Primary side resonance and zero current 
switching will be incorporated into the design, with the control circuit 
essentials performed by the UC3860 resonant mode control IC. 


Described in the text is a 150 watt off line converter switching at 
maximum frequency of 1 megahertz resulting in an effective 500 
kilohertz utilization of the main transformer. Delivering 15 volts at 10 


Primary side resonance will be utilized in this design, but not as an 
attempt to minimize the’core size. Instead, this technique will reduce 
the peak secondary currents and rectifier losses. transferrring them 
to the primary side where the diode voitage drop is less significant, 
thus. enhancing overall efficiency. Additionally, this design can be 
compared to a previous. example [ref. 1] which incorporated 
secondary side resonance and operated over similar line, load, 
frequency and power variations. 
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Half cycle conduction in both design examples accomplishes a 
undirectional current flow at each of the primary switches. Unlike its 
full counterpart, all the energy stored inthe resonant capacitor must 
be transferred to the output, without returning the excess back to the 
primary storage capacitors. 


The UC3860 resonant control IC will adjust the conversion frequency 
to regulate the fifteen volt output over all line and load combinations. 
Zero current switching is facilitated by modulating the programmed 
maximum on-time with the controller's uncommitted comparator. In 
addition, overload protection is provided by means of a 
programmable restart delay circuit (hiccup) which reduces the 
conversion retry rate following a fault detection. 


DESIGN SPECIFICATIONS 


An off-line 150 watt, single output design has been selected as a 
typical application. Several items common to most designs will not 
be highlighted, for example, primary to secondary isolation and input 
filter calculations. 


INPUT VOLTAGE 

110 VAC INPUT = 85 MIN, 132 MAX (VAC) 
220 VAC INPUT = 170 MIN, 270 MAX (VAC) 
DC INPUT = 220 MIN, 380 MAX (VDC) 

AC LINE FREQUENCY = 50 HZ MIN 
OUTPUT VOLTAGE = 15 VDC 


OUTPUT CURRENT = 10 AMPS MAXIMUM CONTINUOUS, 
2.5 AMPS MIN 


LINE REGULATION = 15 MILLIVOLTS 

LOAD REGULATION = 15 MILLIVOLTS 

OUTPUT VOLTAGE RIPPLE= 

100mV (Pk-Pk), DC-20 MHZ 

EFFICIENCY = 75% TYP. AT FULL LOAD 
TOPOLOGY FUNDAMENTALS AND OVERVIEW 


The general circuit diagram. for a quasi-resonant half bridge: 


converter using primary side resonance is shown with the 
corresponding waveforms. Transistors Q1 and Q2 are alternately 
driven from the contro! circuitry at a repetition rate determined by the 
UC3860's error amplifier output voltage and turned off atzero current 
by the detection circuitry. 


Transistor Q1 turns on at timet(Q), connecting the series resonant 
L C tank across the bulk storage capacitor C1, with a voltage 
potential of +Vin/2. The primary current ramps up linearly at the rate 
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of +Vin/(2*Lr) from zero to lout/N which is intersected at time t(1). 
During this interval dt(1-0) all primary current is delivered to the 
output, and no voltage is across the resonant capacitor Cr. 


Beginning at time t(1), primary current can be expressed by adding 


-the two individual components; the “constant" output current lout/N, 


andthe sinusoidal current (Ir) flowing through the resonant capacitor. 
The peak resonant current is determined by the iput voltage (+Vin/2) 
divided by the characteristic tank impedance, Zn. Primary current 
rises to its peak of Ir plus lout/N, and decreases sinusoidaly. It 
intersects the output current (lout/N) again at time t(2), and crosses 
zero at time t(3) when the transistor switch is turned off. 


Inasinuosidal manner, the resonant capacitor voltage begins its rise 
at time t(1) and continues to its peak at time t(2). The voltage then 
decreases until time t(3) where it then begins a linear discharge at 
the rate of lout/Cr. Zero voltage is reached at time t(4) when all stored 
charge in the resonant capacitor has been transferred to the output. 
This waveform is also the transformer primary voltage, and is 
reflected to the secondary side by the turns ratio N. 


Secondary current has a linear leading edge until reaching its 
plateau of lout, assuming a negligible magnetizing current for the 
output inductor. The resonant capacitor provides a constant current 
to the output until its charge is totally transferred. At this point, the 
energy is stored in the output LC section provides a regulated output 
until the next cycle is initiated. Consecutive switching cycles will 
repeat the conversion process and corresponding waveforms. 


WAVEFORMS 
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QUASI-RESONANT CIRCUIT LIMITATIONS 


In order to facilitate zero current switching, the peak resonant current 
component |(r) must always be greater than lout, or the zero inersect 
will not be reached. Specifically, the output impedance (Zo) must 
always be greater than the characteristic tank impedance, (Zn). This 
relationship also specifies the minimum input voltage (Vin min) and 
maximum output current (lout) limits for proper circuit operation. 


The ideal ratio of the full output current (lout max) to the minimum 
resonant peak current Ir(peak) min is unity. This insures resonance 
at all loads while preventing excessively high peak resonant tank 
currents, and losses. A twenty-five percent overload current will be 
used as a guardband in this design. Typical of many current limit 
thresholds, it corresponds to an 0.75:1 ration of lout(max) to 
Ir(peak) min. 


NOTE: 
Zero crossing does not occur 
when! out>! RPK) 


Being a Buck derived topology, the secondary input and output 
volt-second products must be equal, thus defining Vin (secondary) 
minimum. The resonant tank inductor and capacitor can be 
transposed to the secondary also, and calculated knowing Vin 
min(sec), F(res) and Z(0)min. Once the transformer turns ratio has 
been determined, these can be appropriately scaled to the primary 
side. 


The resonant L-C components are now uniquely defined by: - 


'75 * Vsec(min) _ _0.12Vsec(min)_ 
2 Pix Fres lout Fres « lout (max) 


C(r)sec = 1 [(2*Pi*Fres)**L()=91nF 
Z(N)sec = (L(r)/C(r))°> = 1.39 ohms, 
and Fres = 1.25 MHz 


TRANSFORMER TURNS RATIO 


The determination of the transformer turns ratio for this design will 
begin similarty.to that of conventional. square wave converters. 
Obviously, the required output volt-second product must first be 
satisfied with the most difficult condition being low line and full toad. 
A topology coefficient, K(t) is introduced to specify the maximum 
tatio between the conversion (switching) frequency and theresonant 
tank frequency. This is somewhat analagous to maximum duty cycle 
iS a square wave converter. As K(t) approaches unity, the utilization 
is maximized and turns ratio is optimized.- ; 


Linsec = = 175nH 


Charge is taken from the bulk storage capacitors during each cycle 
and stored in the resonant capacitor. The output load discharges this 
at a rate determined by the output currrent, and the discharge time 
varies inversely with load current. Atfullload, the minimum discharge 
time is reached, reduceing the topology coefficient, K(t), to 0,8 in this 
application. 
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To satisfy the required output volt-second product of this Buck 
derived converter at low line: 


Vpri+ K(f) K(t) » {Vp (min) - Vioss]_.. ,. 
Be ON on vocvde vies) 


More specifically, the turns ratio can be calculated by examining the 
total charge transferred per cycle, Q(t). This varies as a function of 
Vin, lout and Vout, assuming C(r) is fixed and zero current switching. 
[ref 2] Using the specified parameters for this design, the 
relationships are combined and the quadratic equation is solved, 
resulting in a turns ratio (Np/Ns) of 5.1:1 also. The design will 
proceed using a 5:1 ratio for simplicity. 


Lrs «lo (Vpri- Vx) | _Crs» (Vp Vx? _ 
(Vo + Va) 4% Frs(Vo+ Vd) 2+(Vo+Va)*lo- 


where Tc= 1/Fconv(max) = tus; Vx= Vloss primary MOS switch 


Vout = 


0 


Te] +N 


Vd=Vrectifier (output); loslout maximum 
and Vpri=Vp(minimum) : 
MAIN TRANSFORMER DESIGN 


Off-line transformers lend themselves to low, wide bobbin windows, 
typical of the ETD geometry. This shape window provides adequate 
room to accomodate the creepage and clearance distances required 
for international safety specifications. Transformer losses will be 
held around one-percent of the total input power, or approximately 
2 watts with a temperature rise not to exceed 40 degrees Centigrade. 
A core size is selected with a thermal impedance R(t) in the 
neighborhood of 40°C/2W, or 20°C/W. The precise size will be 
caiculated using the area-product formula for core-loss limited 
conditions, typical in a high frequency power supply. 


Pin * 10° 
120K2f 

WHERE: 

Pin = Input Power -'180 Watts 

K = Winding Factor = 0.463 fora half bridge 

f = Transformer Frequency = 500 KHZ 

Kh = Hysteresis Coefficient = 4*10*-5 for 3C85 

Ke= Eddy Current Coefficient = 4*10°'° for 3085 


Acalculated area-product of 0.543 cm‘ steers the selection towards 
the ETD-34 geometry and size, and 3C85 material. Since the core 
volume is slightly larger than required, the actual core losses (per 
cm?) will be lower than first estimated. 


1.58 
ap-| | « (KnfeKef?)°°® cmt 


Calculating the volt-second product for this primary side resonant 
design is more difficult than for that of ‘its secondary side 
counterpart. Integrating the complex voltage waveform over the 
conversion period is the most exact method,.as detailed in the ~ 
charge transfer equations [ref2]. A less precise, yet fairly accurate 
technique is to assume a triangular voltage waveform, breaking the 
Period into on-time and off-time segtions. Addition of these geometric 
areas (V*t) results in an estimate of the actual primary volt-second 
product. Core losses will need to be analyzed overithe full range of 
line, load and conversion frequency ranges. The minimum number 
of primary turns will be calculated using low line conditions, and the 
cross sectional core area of 0.971 cm*. A total flux density swing of 
1 kiloGauss (per manufacturers data) is recommended notto exceed 
the allocated temperature rise. 


PrimaryV * t product » 10° 
FluxSwing « CoreArea 


Np (min) = 
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APPLICATION NOTE 


Using low line condition and 10V MOS drop. 

0.5%200+ 1075+ 104 
0.100 T#0.971 on? 
(Use 10 Turns) 


The actual core power density is calculated from the following 
equation, allowing a 20 degree temperature rise due solely to core 
losses. 


Np (min) = = 10.3Turns 


T; 20°C 
Rr Vol” 19- 7.64 
The manufacturers core data lists the thermal resistance of the 
ETD-34 core set as 19 degrees C per watt, with a core volume of 
7.64 cm®. Several methods of dividing the power losses between 
core and copper loss can be used. The most common of these 
suggests an almost equal split between the two, allowing slightly 
more core than copper loss if possible. An even division of the total 
losses between the two will be utilized in this design as a first 
approximation. Later, an evaluation of the minimum number of turns 
and wire sizes may suggest that the 50/50 ratio be changed to 
favorably accommodate fewer turns, or less copper. 


= 138mwjcm® 


Power Density = 


It has already been established in a previous, section that the turns 
ratio for this design be 5:1, Npri: N sec. Minimization of the leakage 
inductance is obtained by "sandwiching" the secondaries between 
the primaries, or using a split primary winding technique. 


In this example, one-half of the primary number of turns will be 
wound first, closest to the core center leg. Then, the corresponding 
secondary is wound directly above its primary, followed by the other 
secondary. The final winding is the remaining primary half, with good 
coupling to its corresponding secondary as shown in the following 
figure. 


WINDING ORIENTATION 


Copper strap or foil will be utilized for each winding to minimize 
"build-up" which increases the distance between windings, hence 
leakage inductance. The necessary primary and secondary copper 
areas are, calculated using their respective currents divided by 450 
amps/cm? for a low temperature rise. Other transformer specifics 
are calculated below. 


PRIMARY RMS CURRENT, | pri(rms) = 2.8 AMPS RMS 


SECONDARY RMS CURRENT 1sec(rms) - 7.1 AMPS RMS (EACH 
WINDING) 


PRIMARY GONDUCTOR AREA Axp = 
6.33*10°°em? 


SECONDARY CONDUCTOR AREA Axs = 1sec(rms)/450A/Cm3 
=15.8*10 cm? 


PRIMARY INDUCTANCE, Lpri = Al*Np? = 190 uH 
SECONDARY INDUCTANCE, Lsec = Al*Ns? = 7.6 uH (each) 


The primary conductor area is approximately equal to that of an 
AWG #19 wire, while the secondary area is closest to an AWG #14 
wire. From Eddy Current calculations is can be seen that the depth 
of penetration at S0OKHZ is 10.6*10° ‘3 cm, or about the thickness of 
an umber 37 AWG wire. The most practical technique to minimize 
the AC toss in a transformer winding is to incoporate copper strip, or 
foil, as in this design. Its width is determined by the bobbin width and 
safety spacing requirements of 8 mm per winding as shown. 


An 8 millimeter primary to secondary spacing between the winding 
ends will be subtracted from the bobbin width of 2.1cm, leaving 1.30 
cm for the copper strap width. Allowing for tolerances, standard 
half-inch (0.500") width foil will be utilized in this design. 


Standard 2 "mil" (0.002 in) foil will be used for the primary, which is 
slightly larger than the required thickness of 1.872 thousandths of 


Ipri(rms)/450° A/cm3 -= 
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an inch. The calculated secondary thickness exceeds the depth of 
penetration, so twin foils each of half the required thickness (0.0085 
cm) are mandated. Each of the three "mil" (0.003") foils will be thinly 
insulated from the other. 


The resistance and power loss of each winding is summarized: 
R pri = 2.29*10° 6 * 5.99 *10 T/6.18 *10° = 22.2 milliohms. 

R sec = 2.29*10° *5.99*2T/21.91 *10° = 1.25 milliohms 
Winding power loss = 1 rms? (winding) * Resistance (winding 
P loss pri = 2.87 * 0.0222 = 174 milliwatts (each wdg) 

P loss sec = 7.17 * .125*1°> = 63 milliwatts (each wdg) 

P loss copper = 2*(174 + 126 mW) = 0.60 watts 

Transformer power loss = copper + core loss = 1.5 watt total 
Temperature rise = R(0) * Ploss total = 19°C/W * 1.5 = 28.5°C 


[2101 om (.827") ——oy 
1.30 em (0.512") ES 


1/2 Primary - 5 turns 
copper strip 0.002" x 0.500" _e 


== Secondaries - 2 turns x 2 turns I==— 
== copper strip 0.003" x 0.500" 


$ 1/2 Primary - 5 turns 
copper strip 0.002" x 0.500" 


}+—— 0.698 cm (0.275") —* 


ETD-34 
Bobbin 


Insulating mylar fiim 
2 mi thick 0.8 in. wide 
between each turn 


DESIGN PROCEDURE AND SUMMARY 


The resonant components can now be transformed to primary’ side 
values using the caluciated turns ratio N. F 


L()p = L(r)s * N? = 4.4 uH 

C(r)p = C(r)s / N? = 3.6 nF 

Z(r)p - [ (LN / C(r)p)?*] = 35 ohms 

Additionally, the peak primary current and rms currents at the 
transistor switch, transformer primary and secondary rectifiers are 
calculated by the following relationships: 

\(p)pk = [lo(mmax)/N] + Vp(max)/(2*X(r)p) = 5.2A 

@220V, 7.4A @380V 


\(p)rms = I(p)pk*{Ton/(2*Tconv(?> = 2.85 Arms at XFMR primary 
{assume pulsed sinusoid) = 2.01 Arms at each switch 


I(s)rms = I(o)max*[(Ton/Tconv)0.5] = 7.8Arms at XFMR secondary 
= 5.5Arms per rectifier ~ 


The selection of semiconductors, rectifiers, heatsinking 
requirements and wire gauges follow standard design practices. For 
the purpose of this paper, no elaboration is included, however is 
detailed in references 1 and 2. Using this design equations listed 
previously and in the Appendix, these parameters can be calculated 
and plotted over the line and load ranges specified, and are 
summarized in the following graphs: 
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APPLICATION NOTE 


TIMING CONSIDERATIONS 


The operation of this quasi-resonant circuit has been described as 
requiring a variable frequency, FIXED on-time control pulsetrain. In 
actuality, the on-time must be varied to facilitate zero current 
switching with changes in input voltage and output current. Using 
the timing relationships presented in chapter five, the on-time is 
caiculated and plotted for the ranges of Vin and lout. 


ON-TIME vs. Vin AND lout 


The charge transferred from the primary to the secondary per cycle 
is a function of both Vin and lout. Using the equations presented 
previously in section 5, the results are graphically represented in the 
following figure. 


Transferred Charge vs. Vin and lout 
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For the selected values of voltage and current shown, the average 
change required in voltage or output current per micro Coulomb 
transferred have been calculated. 
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AVERAGE dV/uC = 5.935 V/uC; and the average di/uC = 2.086 A/uC 


The energy transferred per cycle is obtained by multiplying the 
results from the charge calculations by Vin /2 to convert from.charge 
to energy, with the results shown below. 
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MICRO JOULES PER CYCLE 


The conversion period is obtained by dividing the energy transferred 
per cycle by the output power, accounting for an overall efficiency 
near 85%. Conversion frequency, its inverse, is graphically depicted 
for various input voltages and output currents below. . 


CONVERSION FREQUENCY 

The control circuit adjusts the conversion frequency to maintain a 
constant output voltage of V out over changing line and load 
combinations. Maximum conversion frequency will occur at low line 
and full load, where, by design, the frequency equals the resonant 
tank frequency divided by K(t). Minimum frequency will occur at high 
line (Vpri max) and light load (lout min), arid the following equation 
can be used to estimate the conversion frequency for various line 
and load possibilities. 


vpri___ [2eNeLrselo* “Crs lo 
+ Vori * BaF 


2+NloxVo Vori N 
which can be expanded to account for losses in both the primary. 
switches (Vx) and output rectifiers (Vd) and reduced to: 

Lrs*lo | Crss(Vp-Vx) _ —_Vp-Vx 
Vo-Vd = 2«NPslox(Vo-Va)  4*N#Fre( Vo-Va) 


Tconv = 


Tconv = 


CONVERSION FREQUENCY vs. Vin & lout 
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APPLICATION NOTE 


OUTPUT FILTER DESIGN 


The output inductor willbe designed for one amp of ripple current at 
the minimum conversion frequency of approximately 200 KHZ 
equating to 90 uH. Due to the variable frequency operation, theripple 
current willchange inversely with operating frequency, as maximum 
load occurs, the ripple current is at its lowest. A 1.3" 0.d. toroidal 


core of high frequency material was utilized, available as a standard 


product from Pulse Engineering. 


For the output capacitance, two 100 uf electrolytic capacitors were 
used in parallel to achieve an ESR value of 3 to 15 milliohms — a 
broad range necessitated by the difficulty in getting specified high 
frequency data from capacitor manufacturers. A final component 


added to the outputfilter is a good high frequency capacitor to bypass: 


the inductive components of the electrolytics and shunt any 
switching spikes which might get to the output. Unitrode "P" type 
ceramic monolythic capacitors are used for this application. 


THE UC3860 RESONANT MODE CONTROL IC 


The versitile UC3860 resonant mode controller easily implements 
fixed on-time, frequency modulated control schemes while providing 
various user programmable features and unique fault protection. 
Specifically, this 3 MHz device includes dual 3 amp peak totem pole 
output drivers and precision clamps on the 5 MHz error amplifier 
output to accurately control minimum and maximum frequency. In 
addition, an uncommitted comparator is included for use with zero 
current switching techniques, and programmable fault thresholds 
and logic for reduced losses during overload conditions. Preset 
undervoltage lockout thresholds of 17/10 volts are optimized for 
off-line designs, but are easily reprogrammed by the user for other 
applications. . ag e, 


Each of the UC3860 functions are utilized in this design and have 
been previously highlighted in the references. Zero current detection 
and switching is performed by connecting the uncommitted 
comparator’s output to the one shot timing network, a technique 
which allows a programmed maximum on-time that can be 
modulated as zero current is crossed. Any propagation delays can 
effectively be "nulled-out" with the addition of anticipator circuit 
detailed in references 1 and 2. A programmable restart delay 
following the receipt of a fault condition, often referred to as "hic-cup" 
has been incorporated in addition to soft start, which gradually 
increases the conversion frequency in a resonant converter. The 
UC3860 provides complete regulation and control for this 150 watt 
design over all fine and load combinations. 


CLOSING THE LOOP 


There are several gain stages in the. quasi-resonant control loop, 
and each will be examined to obtain good closed {oop circuit 
response. The block diagram below displays the various gain 
stages. 


BLOCK DIAGRAM - CONTROL LOOP 


Vin lo 
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POWER STAGE 


The small signal gain of the power stage will be approximated by 
analysis of the charge transferred at various line and load 
combinations. An-assumption is made that the power switch on-time 
is constant, and any changes in frequency directly effect the off-time, 
or resonant capacitor discharge time. Additionally, both Vin and lout 
are assumed to be constant during the interval of interest. 


Tabulated below at several points of interest are the values for this 
gain, obtained from the results of previous sections for work done in 
the references. The gain of the power stage (in volts per hertz) varies 
significantly over the input and output ranges, and the highest value 


:will be used to approximate the worst case condition. 


VIN tOUT Win ‘Feonv GAIN GAIN 
sec(V) (A) ud/cyc KHZ Vusec (db) 
22 2.5 50 450 9.0 19.1 
38 2.5 140 180 101 204 
22 5 60 730 «8.760 = 18.9 
38 5 160 320. 10.7 20.6 
22 75 78 900 9.65 19.7 ° 
38 75 185 450 «11.30 (21.4 
22 10 91 1000 9.55 8919.6 
38 10 205 560 118 21.5 


Aslightly greater than worst case value of 23 volt-microseconds will 
be used for the power stage: Multiplying this by the VFO gain of 0.4 
Mhz/v results in an combined gain of 9.2 Vout / Vea out. 


Frown fee oN ose 
i 
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PWR STAGE ATTENUA 

& OUTPUT COMBINED‘. 

——— = PWRSTAGE& “ 
OUTPUT FILTER & 
ATTENUATOR 
LOOP GAIN 
ERROR AMP 


GAIN (db) 


FREQUENCY (HZ) 
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APPLICATION NOTE 


POWER SUPPLY PERFORMANCE 


This 150 watt quasi-resonant supply performed flawlessly over its 
specified parameters, attaining the overall full load efficiency goal of 
80%, however, only at low line. A decrease to 75% was seen as high 
line was approached, an indication that more attention to high dV/dt 
losses should be exercised. Nevertheless, low switching noise, 
quasi-sinusoidal power waveforms and substantially reduced EMI 
are worthwhile benefits, especially over conventional square wave 
converters. The relavent primary voltage and current, in addition to 
secondary voltage waveforms are displayed. These plots were 
obtained using a 250 MHz bandwidth digitizing scope, UHF 
measurement techniques and no bandwidth limiting or waveform 
averaging to distort the high frequency components. 


Construction of the power conversion stage was accomplished using 
the Unitrode UC3860 demonstration kit printed circuit board, with 
ample facilities to accomodate a variety of quasi-resonanttopologies 
and configurations. The control section was built using the UC3860 
evaluation kit p.c. board, and interconnections to the gate drive and 
current sense transformers made with 75 ohm coaxial cables. An 
auxiliary winding from the main transformer and opto-coupled 
feedback were later added to this design for complete primary to 
secondary isolation. 


Unitrode Integrated Circuits Corporation 
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SUMMARY AND CONCLUSIONS 


The ultimate blend of high power density with high efficiency and low 
noise is realizeable today using quasi-resonant techniques, 

conventional topologies and existing components. In most 
applications, the upgrade is quite simple, as many of the devices go 
unchanged in the process. The control circuit, on the other hand, 
requires a far more sophisticated controller than for its square wave 
predecessors. Additionally, as switching frequencies are further 
pushed towards and beyond a megahertz, the needs for even higher 
performance and higher speed control logic become increasingly 


- obvious. The UC3860 resonant mode controller exceeds these 


requirements, simiplifying and condensing the control circuit design 
process to resistor and capacitor value selections. 
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NEW DRIVER ICs OPTIMIZE HIGH SPEED POWER MOSFET 
SWITCHING CHARACTERISTICS 


Bill Andreycak 
UNITRODE Integrated Circuits Corporation, Merrimack, N.H. 


ABSTRACT 


Although touted as a high impedance, voltage controlled device, 
prospective users of Power MOSFETs soon learn that it takes high 
drive currents to achieve high speed switching. This paper 
describes the construction techniques which lead to the parasitic 
effects which normally limit FET performance, and discusses several 
approaches useful to improve switching speed. A series of drivers 
ICs, the UC3705, UC3706, UC3707 and UC3709 are featured and 
their performance is highlighted. This publication supercedes 
Unitrode Application Note U-98, origionally written by R. Patel and 
R. Mammano of Unitrode Corporation. - 


INTRODUCTION 


An investigation of Power MOSFET construction techniques will 
identify several parasitic elements which make the highly-touted 
"simple gate:drive" of MOSFET devices less than obvious. These 
parasitic elements, primarily capacitive in nature, can require high 
peak drive currents with fast rise times coupled with care that 
excessive di/dt does not cause current overshoot or ringing with 
rectifier recovery current spikes. 


This paper develops a switching model for Power MOSFET devices 
and relates the individual parameters to construction techniques. 
From this model, ideal drive characteristics are defined and practical 
IC implementations are discussed. Specific applications to 
switch-mode power systems involving both direct and transformer 
coupled drive are described and evaluated. 


POWER MOSFET CHARACTERISTICS 


The advantages which power MOSFETs have over their bipolar 
competitors have given them an ever-increasing utilization in power 


SOURCE CONTACT 


systems and, in the process, opened the way to new performance 
levels and new topologies. 


A major factor in this regard is the potential for extemely fast 
switching. Not only is there no storage time inherent with MOSFETs, 
but the switching times can be user controlled to suit the application. 
This, or course, requires that the designer have an understanding 
of the switching dynamics inherent in these devices. Even though 
power MOSFETs are majority carrier devices, the speed at which 
they can switch is dependent upon many parameters and parasitic 
effects related to the device's construction. 


THE POWER MOSFET MODEL 


An understanding of the parasitic elements in a power MOSEFT can 
be gained by comparing the construction details of a MOSFET with 
its electrical model as shown in Figure 1. This construction diagram 
is a simplified sketch of a single cell - a high power device such as 
the IRF 150 would have ~ 20,000 of these cells all connected in 
parallel. 


In operation, when the gate voltage is below the gate threshold, 
Vg({th), the drain voltage is supported by the N-drain region and its 
adjacent implanted P region and there is no conduction. 


When the gate voltage rises above Vg(th), however, the P area 
under the gate inverts to N forming a conductive layer between the 
N+ source and the N-drain. This allows electrons to migrate from 
source to drain where the electric field in the drain sweeps them to 
the drain terminal at the bottom of the structure. 


SOURCE 


DRAIN CONTACT 


FIGURE 1 - SIMPLIFIED CROSS SECTION OF A POWER MOSFET CELL AND ITS ELECTRICAL EQUIVALENT. 
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APPLICATION NOTE 


In the equivalent model, the parameters are defined as follows: 


1. Lg and Rg represent the inductance and resistance of the wire 
bonds between the package terminal and the actual gate, plus the 
resistance of the polysilicon gate runs. 


2. C1 represents the capatitance from the gate to both the N+ source: 


and the overlying source interconnecting metal. Its value is fixed by 
the design of the structure. 


3.C2+C4 represents additional gate-source capacitance into the. 


P region. C2 is dielectric capacitance and is fixed while C4 is due to 
the depletion region between source and drain and varies with the 
gate voltage. Its contribution causes total gate-source capacitance 
to increase 10-15% as the gate voltage goes from zero to Vg(th). 


4. C3 + C5 is also made up of a fixed dielectric capacitance plus a 
value which-becomes significant when the drain to gate voltage 
potential reverses polarity. 

5. C6 is the drain-source-capacitance and while it also varies with 
drain voltage, it is not a significant factor with respect to switching 
times. 


EVALUATING FET PARASITIC ELEMENTS 


Although it is clearly not the. best way to drive a power MOSFET, 
using a constant gate current to turn the device on allows 


visualization of the capacitive effects as they affect the voltage 


waveforms. Thus the demonstration circuit of Figure 2 is configured 
to show the gate dynamics in atypical buck:type switching regulator 
circuit. This simulates the inducitve switching of a large class of 


applications and is implemented here with a IRF-518 FET, which is: 


a4 amp, 100V device with the following capacitances: 
Ciss ~ C1 + C4 + C5 = 135 - 150 pF 
Crss ~ C5 = 20 - 25 pF 
Coss ~C5+C6 = 80-100 pF 


Vgs = OV 


SOMME 


aE Geer 
IRF510 we HE Ag 100uf oe DSOrMS: 4 


Vin =25v 


26Susec | ~ 


FIGURE 2 - SWITCHING TIME EVALUATION CIRCUIT. 


In this illustration, the load portion of the circuit is established with 
Vin = 25V. lo = 2A. and f = 25Khz. The resultant turn-on waveforms 
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are shown in Figure 3 from which the following observations may be 
made: 


== 1 yu sec/division 


sv 


Gate Source V 5V/div 


Drain Current 1A/div 


J 


"Drain Voltage 10V/div 


eT 


FIGURE 3-FET TURN-ON SWITCHING CHARACTERISTICS 
WHEN DRIVEN WITH A CONSTANT GATE CURRENT 


“1. Fora fixed gate drive current, the drain current rise tiime is 5 times 


faster than the voltage fall time. 


. 2. There is a 10-15% increase in gate capacitance when the gate 


voltage reaches Vgith). 


3. The gate voltage remains unchanged during the entire time the 
drain voltage is falling because the Miller effect increases the 
effective gate capacitance. 


4. The input gate capacitance is approximately twice as high when 
drain current is flowing as when it is off. 


5. The drain voltage fall time has two slopes because the effective 
drain-gate capacitance takes a significant jump wheri the drain-gate 
potential reverses polarity. 


. 6. Unless limited circuit inductance, the current rise time depends 
: upon the large signal gu and the rate of change of gate voltage as. 


Ald = gm AVg 
CHANGES IN EFFECTIVE CAPACITANCE 


The waveform drawings of Figure 4 illustrate the dynamic effects 
which take place during turn-on. As,the gate voltage rises from zero 
to threshold. C2 is not significant since C4 is very small. At 
threshold, the drain current rises-quickly while the drain voltage is 
unchanged. This, of course, is due to the buck regulator circuit 
configuration which will not let the Voltage fall-until all the inductor 
current is transfered from the free-wheeling diode to the FET. 


While the drain current is increasing, there is a slight incfease in the 
gate capacitance due to the large current density underneath the 
gate in the N-region close to the P areas. 


As the drain voltage begins to fall, its slope depends upon gate to 
drain capacitance and not that from gate to source. During this time, 
all the gate currentis utilized to charge this gate to drain capacitance 
and no change in gate voltage is observed. This capacitance initially 
increases slightly as the voltage across it drops but then there is a 
significant jump-in value when the drain falls lower than the gate. 
When the polarity reverses from drain-to gate, a surface charge 
accumulation takes plate and the entire gate structure becomes part 
of the gate to drain capacitance. At this point the drain voltage fall 
time slows for the duration of its transition. 
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APPLICATION NOTE 


+-C1+C2 +C3 
= 480 pF 


+— C1+Cs +C2=230 pF 
C1 -Cs5 =150 pF 


C3 = 300 pF 


+-———_—_—_ C5 = 25 pF 


FIGURE 4 - Parasitic CAPACITANCE VARIATION FOR A 
UFN510 MOS FET DURING TURN-ON ; 


AN OPTIMUM GATE DRIVE 


In most switching power supplly applications, if a step function in 
_gate current is provided, the drain current rise time is several times 
faster than the voltage fall time. This can result in substantial 
switching power losses which are most often combated by 
increasing the gate drive current. This creates a problem, however, 
in that it further reduces currentrise time which can cause overshoot, 
ringing, EM! and power dissipation due to recovery time for the 
rectifiers which are much happier with a more slowly changing drain 
current. : 


In an effort to meet these conflicting requirements, an idealized gate 
current waveform was derived based upon the goal of making the 
voltage fall time equal to the current rise time. This optimum gate 
current waveform is shown in Figure 5 and consists of the following 
elements : 
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GATE CURRENT 
@lp2 


Id2 > lat 
Va2 >Vai 


@ lai @ Var 


FIGURE 5 - AN "IDEAL" GATE CURRENT TURN-ON DRIVE TO 
PROVIDE EQUAL CURRENT RISE AND VOLTAGE FALL 
TIMES WITH AN INDUCTIVE LOAD 


1. An initial fast pulse to get the gate voltage up to threshold. 


2. A lesser amount to slow the drain current rise time. This value 
however, will also be a functiion of the required drain current. 


3. Another increase to get the drain voltage to fall rapidly with a large 
current pulse added when the drain gate potential reverses. 


4. Acontinued amount to allow the gate voltage‘to charge to its final 
value. 


Obviously this might be a little difficult to implement in exact form, 
however, it can be approximated by a gate current waveform which, 
instead of being constant, has a rise time equal to the desired sum 
of the drain current rise time and the voltage fall time, and a peak 
value high enough to charge the large effective capacitance which 
appears during the switching transition. The peak current 
requirement can be calculated on the basis of defining the amount 
of charge required by the parasitic capacitance through the switching 
period. 


A linear current ramp will deliver a charge equal to 


O- fp -ton where we define 
— 2 


ton=td+ tn+ thy 
The total charge required for switching is 


Q = Ciss [Vg (th) - 3)-orss [Vpo-Vg (th)]=CrssV6q (th) 
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While directly connecting the FET gate to the output of the driver is 
straightforward for testing purposes, it does not represent the "real" 
application which may include several inches or wire or printed circuit 
board traces. Here, wiring inductance will sharply degrade the 
transitions and cause substantial overshoot by ringing with the gate 
capacitance. Extreme examples ofthis can cause the gate-to-source 
voltage to overshoot beyond the specified maximum ratings. 
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Additionally, negative transitions (below ground) atthe deriver output 
can raise havoc with the internal circuitry, leading to undesireable 
performance. While this is more of a concern with PWMs, (which 
use low level analog input signals) it will also detract from the drivers 
peak performance. Both of these conditions can easily be avoided 
by Schottky clamping the circuit to the auxiliary supply rails. | 


HORIZ: 10 NS/DIV 
VERT: 5V/DIV 


Figure 18 


DRIVER 


10uF 


4 TO LOAD 


TO POWER 
RETURN 


D1,D2 : UC3611 OR INS820 


Figure 19 
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available FET die (a size "6") at the time of this writing whose —_ were conducted at room temperature with the FET located directly 
specifications were listed previously. . , “ at the IC output pins to nullify any effects of series inductance. 
The typical values of each charge will later be used in conjunction drareaelet tea and saber demonstrate the effects of 
with the measured driver performance to estimate the actual péak “Cult inductance on gate bias perfomance, a 

Current delivered during each interval of turn-on. The tests shown : - 


#OF | tFALL 
RISE TIME DRIVERS] (NS) 
{Vgs) (10 to 90% Voc} 
1. OVAL DRIVERS Hany oe 
2. SINGLE DRIVER —igy. # OUTPUTS to cc) 10v- 
Vec=12v 1. QUAL DRIVERS 
2, SINGLE DRIVERS 
Vec=12v 
Ka 


# OUTPUTS 2 
v=2v/DIV DUAL 


Veav/DIV 
H=10NS/CM 


AVERAGE DRIVER CURRENTS DURING 
TURN-ON & TURN-OFF INTERVAL 


EQUATIONS: Q= CV: Q= IT: java oy 


Figure 17 


During the transitions between 0 & 10V over Tr & Tf intervals 
SINGLE OUTPUT 


LOAD RISE FALL 
C = 2.2NF 0.49A 0.67A 
C = 10NF 1.430 1.43A 
IRFP460 1.26A 1.10A 


DUAL OUTPUTS 
LOAD 
C = 2.2NF 0.63A 0.88A 
C = 10NF 2.0A 2.42A 
IRFP460 1.6A 1.85A 
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CL {FALL 
(NF) (NS) 


RISE TIMES 
INTO 0, 2.2810 1v- 
NF. 


FALL TIMES 


(10 to 90% Vee) (90% to 10% Vcc) 


Cu $HISE 
(mF) (NS) 


V: 2y/pIV 
H: 10Ns/DIV 
BOTH 


Figure 14 


Cr=0 


RISE TIME 
1.NO LOAD 
2. 1ONF: 2 DRIVERS 
IN PARALLEL. 


3. 10NF, 1 ORIVER/ FALL TIMES 
Vi 2v/DIV 9 : 
H: 10NS/DIV. (90% TO 10% Vcc) 
(BOTH) 


DRIVERS, 


(10 TO 90% Vec) 


Figure 15 


The peak current of each totem-pole output, whether source or sink, 
is 1.5 amps. However, on dual output versions like the UC3706, 
UC3707 and UC3709, both of the outputs can be paralled for 3 amp 
peak curcents. In, close proximity on the same die, each output 
virtually shares identical electrical and thermal characteristics. 
Saturation voltage is high at this current level but falls to under 2V 
at 500ma per output. Examples of typical switching characteristics 
are displayed. 


It should be noted that while optimized for driving power MOSFET 
device, the UC3705 /06 /07 /09 ICs perform equally well into bipolar 
NPNtransistors. Ina steady-state off condition, the output saturation 
voltage is less than 0.4 volts as currents to 50 milliamps. 


DIRECT COUPLED MOSFET DRIVE 


The circuit of figure 17 shows the simplest interface to a power 
mosfet, direct coupling. In this example, an IRFP460 will be used to 
demonstrate the typical rise and fall times obtainable witha single 
1.5 amp peak totem-pole driver. Further testing will include 
paralleling both outpus of a dual driver for a 3 amp peak capability. 
The IRFP460 device was selected, being the largest commercially 


D1.D2:UC3611 SCHOTTKY DIODES 
Figure 16 
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t = 200 nsec/division 


Vo @ 10V/div 


erred 


Ic @ 200 mA/div 


Figure 11 


The overall transition time through the UC3706 is shown in figure 12 
with the upper photograph recording the results with a drive to the 
inverting input while the lower picture is with the non-inverting input 
driven. Note that the only difference in Speed between the two inputs 
is an additional 20 nSec delay in turning off when the non-inverting 
input is used. Here, and in further discussions note that ON and OFF 
relate to the driven output switch, i.e., On is with the output HIGH, 
and vice versa. The shutdown, inhibit and Protective functions all 
force the output LOW when active. 


Note that the typical rise and fall times of the output waveform 
average 20 nsec with no load, 25 nsec with 1 nF, and 35 nsec when 
the capacitive load is 2.2 nF at room temperature. Muitilayer ceramic 


RISE TIMES 
INTO 0, 2.2 & 10NF. 
(10 TO 90% Vee) 


Va=2v/DIV tRISE 
F) 


He 10NF/DIV iy 
BOTH. 
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t = 100 nsec/division 


Inverting input 
2V/div { 


Non-iny input 
2Vidiv 


Output © 10V/div 


Figure 12 


Capacitors are used in this test and located as physically close to the © 
IC output as possible to minimize lead and connection inductance. 


FALL TIMES, 
(90 TO 10% Vec) 


Figure 13 
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UC3709 Block Diagram 


NOTE: One Output Shown Figure 9 


of this circuit are the slowing of the turn-off of Q3 and the addition of 
DRIVER FEATURES Q4 for rapid turn-off of Q8. The result is shown in figure 11 where it 
can be seen that while maintaining fast transition times, the cross 
1.5 Amp Peak Output Current (Per Output) conduction current spike has been reduced to zero when going low 


40 Nanosecond Rise & Fall Times into 1NF and only 20 nsec with a high transition. This offers negligible 
increase in internal circuit power dissipation at fre uencies in excess 
Low Cross Conduction Current Spike a 500KHz. ie ° 7 


5 to 40 Volt Operation 
High Speed Power MOSFET Compatable | 


Thermal Shutdown Protection Typical Output Schematic 


SEPERATE PGND & SGND 


é 

: 

8 

coms XX 
XX XKXXX 
anne 


“4.5 AMP PEAK TOTEM-POLE OUTPUTS 

“The schematic of the UC3706 output drive circuit is shown in figure 
140, which is similar to the other devices in this family. While first Figure 10 
appearing as a fairly conventional totem-pole design, the subtleties 


i 
yd 


G 
: 
5 
& 
x 
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FLIP FLOP 
ACTIVATE 


16] OUTPUTA 


INVERTING 
INPUT 

NON-INVERT 

INPUT 


+VIN 


OUTPUT B 


ANALOG 
STOP(+) 


THERMAL 
SHUTDOWN 


ANALOG 


4,5,12,13 
STOP(-) 


Figure 7 


UC3707 Block Diagram 


INPUT A 
Nu. 


INPUT A 
INVERT 


INPUT B 
NI. [6] OUTPUT A 


INPUT B 
INVERT 


+VIN 


ANALOG 
STOP(+) 


OUTPUT B 


ANALOG 
STOP(-) 


SHUTDOWN [7] 


LATCH H=NO LATCH OR RESET 
DISAABLE L=LATCH ENABLED 


GROUND 
4,5,12.13 


Figure 8 
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effecive gate capacitance over the Qgd interval since there is 
relatively no change in gate voltage. The important fact, however, is 
that high peak currents are needed to minimize the FET power loss 
and transition time. : 


The remainder of the gate charge brings the gate voltage from VGS 
(th) to. 10 volts. This "excess" charge reduces the FET "ON" 
resistance to its minimum, and raising the gate voltage above 10 
volts has no further-effect on reducing the Rds (on). The effective 
gate capacitance, which is high, can be obtained by dividing the 
charge input by the change in gate voltage during this region. 


Ceff = [Qg - (Qgd+Qgd)] / (10v - VGS (th) ) = 40nC/4v = 10nF for 
the IRFP460 


FET DRIVER ICS 


In searching for IC’s capable of providing the fast transitions and 
high peak currents required by power MOSFETs, one of the first 
devices which became popular was the DS0026. While this IC was 
origionally designed to be dual clock driver for MOS logic, it was 
capable of supplying up to 1.5 amps as either a source or sink. In 
addition, it was made with a gold doped, all NPN process which 
minimizes storage delays, and as a result, offers transition times of 
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approximately 20 nsec. Its disadvantages, however, are high cross 
conduction currents, as well as requiring excessive supply current 
when the outputs in the low (OFF) state. This leads to higher power 
dissipation and junction temperature than optimum. 


This brings us to newer ICs designed specifically as power MOSFET 
drivers for switchmode power supply applications. Several factors 
were taken into consideration while developing the new UC3705 /06 
/07 /09 series of high current drivers; the most important of which, 
was to isolate the high power switching noise from the low level 
analog signals at the PWM. Seperate supply and return paths at the 
driver to its signal inputs and power outputs further enhances noise 
immunity. Additionally, several desireable features including an 
analog shutdown comparator have been incorporated inthe UC3706 
and UC3707 devices, whereas the UC3705 and UC3709 drivers are 
optimized for low cost applications which incorporate this function 
elsewhere in the design. Each driver features TTL compatible input 
thresholds, undervoltage lockout, thermal shutdown and low 
cross-conduction, high speed output circuitry. The corresponding 
block diagrams and pin assignments are shown in figures 6 thru 9, 
and followed by the feature selection index. 


UC3705 Block Diagram 


N.LINPUT 


NAINPUT 


THERMAL SD 


INTERNALLY 
___ CONNECTED __ 
IN T-PACKAGE 


INTERNALLY ___ 
CONNECTED 


LOGIC GND IN T-PACKAGE 


_ Figure 6 
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where Crss' is the gate-drain capacitance after the polarity has 
reversed during turn-on and is related to Ciss by the basic geometry 
design of the device. A reasonable approximation is that Crss'=1.5 
Ciss. With this assumption. 


2 oes Id 
Ip ~ tonlCiss (2.5 Vg (th) + ca + Crss(Vop-Vg (th) )] 


As an example, if one were to implement a 40 V. 10A buck regulator 
with a UFN150, it would not be unreasonable to extend the total 
switching time to 50 nsec to accomodate rectifier recovery time. An 
optimum drive current for this application would then take 50 nsec 
to ramp from zero to peak value calculated from 


Ciss = 2000pF ton = 50nsec 
Crss = 350pF Vop = 40V 
Vg (th) = 3V Id=10A 
10A 
ent ony? 


2 10 


as Ip = ——~—~, [2000 x 10°'? (2.5 x3 + —) + 350 x 1077 (40 - 3 
Pee (2.5x3+-5)+ (40 - 3)} 


. Ip = 1.32 amps peak 


The above has shown that while high peak currents are necessary 
for fast power MOSFET switching, controlling the rise time of the 
gate current will yield a more well-behaved system with less stress 
caused by rectifier recovery times and capacitance. This type of 
switching requirement can be fulfilled with integrated circuit 
technology and several iC’s have been developed and applied as 
MOSFET drivers. 


TOTAL GATE CHARGE (Qg) 


Another approach used to quantify and understand MOSFET gate 
drive requirements is much simpler than that of examining the 


instantaneous voltages, currents and capacitances. The term "Total -- 


Gate Charge", or Qg specifies the amount of gate charge required 
to drive the FET gate-to-source voltage (Vgs) from zero to ten volts, 
or vice-versa. For most high voltage devices, these thresholds 
correspond to the FET being either completely on or off. 


Charge (Q) can be expressed as the product of either current 
multiplied by time (I*T), or capacitance multiplied by voltage (C*V) 
in the units of Coulombs. Most contemporary devices have total gate 
charge requirements in the tens to low hundreds of nano Coulombs, 
dependent almost entirely on die’s geometry. For example, an 
IRF710 (size 1) FET has a total gate charge requirement of only 7.7 
nC whereas the IRFP460 (size-6) demands 120 nC, and both are 
typical values. 


PARAMETER IRFP 440 IRFP 450 IRFP 460 ] 
Qgs (NC) 6.2 1 18 
Qgd (NC) 43 62 
|= 
Qg (NC) 86 120 
—— 
Ciss (Nf) 2.7 44 


There are two specified parameters contained within the total gate 
charge expression; Qgs, the gate-to-source charge, and Qgd the 
gate-to-drain, or “Miller” charge. Qgs is the amount of charge 
required to bring the gate voltage from zero up to its threshold VGS 
(th), of approximately 6 volts. Qgd defines the amount of charge that 
must be input to overcome the "Miller" effect as the drain voltage 
falls. This occurs during the plateau of the gate-to-source voltage 
waveform where the voltage is "constant". Excess charge is added 
to lower the effecive Rds (on) until the gate voltage reaches 10 volts, 
wher Qg is specified. Further increases above this level do NOT 
lower Rds (on), so a 10-12 volt driver bias is ideal. 
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The total charge curve can be examined in sections to define the 
ideal driver's characteristics. Using a constant current of 1 ampere, 
the total charge curve (Qg=I*T) in nanoCoulombs also represents 
the MOSFET turn-on delay, drain current rise and drain voltage fall 
times in nanoseconds. 


Gate-Source Voltage vs. Gate Charge 


144 


124 
10 + 
84 
6 


44 


ly ar 


@ -__. ; + 
@ 49 80 120 160 
GATE CHARGE (NANO COULOMBS) 


i os 
Qgsl« Qgd | 

| } | | { 
1) 49 8O 120 160 280 
TIME (NANOSECONDS) WITH 1AMP DRIVE 


= 
208 


First of all, and most importantly, the average capacitive load 
represented by the FET to the IC driver is NOT the specified 
MOSFET input capacitance, Ciss. The effecive input 
capacitance, Ceff, is the total charge divided by the final gate 
voltage, Vgs(f); 


Ceff= Qg(total) / Vgs(f). 


Using the total gate charge curve show above, the 460 FET with Vds 
(off) = 400 volts has an effective input capacitance (Ceff) of 
approximately 120nC/1 Ov, or 12 nF during the interval of 0 < Vgs < 
10v. The specified input capacitance of Ciss = 4.1nF applies only at 
Vgs=0, and is often mistaken for the driver's actual load. 


The Qgs portion of the curve is primarily governed by the driver's 
ability to quickly turn ON. Therefore, a sharp, fast transition of the 
totem-pole output from low to high is essential to minimize the delays 
from 0 < Vgs < VGS (th). In most applications the driver IC is not 
peak current limited during this interval, since its is more likely to be 
dV/dT limited. The effective gate (load) capacitance is approximately 
Qgs / VGS (th), or Ciss. 


Evident from the charge specifications, most of the popular size 
FETs used in switch-mode power supplies (sizes 4. 5 and 6) have 
much larger Qgd demands than their gate-to-source counterpart, 
Qgs. During this Qgq interval, the gate voltage remains "constant" 
while gate charge accumulates and the drain voltage collapses. It is 
also during this period that most drive circuits are simply peak 
current limit, whether by the driver IC or an external resistor. High 
peak currents are necessary for fast transitions through this interval, 
especially when driving large geometry FETs. 


Full drain current is flowing at the beginning of the Qgd portion of the 
Qg curve, and notice that the drain voltage remains high. FET power 
loss is at its maximum here, and decreases linearly with Vds. A 
majority of the Qgd charge goes to combat the "Miller" effects as the 
drain voltage falls from that of its off condition to Vgs, or 
approximately Vgs(th). The remainder of the charge is used to bring 
the drain voltage down below that of the gate, decreasing the 
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ISOLATED GATE DRIVE . 


In certain applications, the PWM is referenced to the load or 
secondary side of the power supply and the gate drive is transformer 
coupled across the isolation boundary to the power FETs. While this 
technique may work adequately at low switching frequencies, any 
series circuit inductance, as shown, will significantly degrade 
switching speeds and performance as the frequency is increased. 
An improved version of this circuit locates the drivers onthe primary 
-side, as close as possible to the FETs, and transformer couples only 
the low power input signals. Although somewhat more elaborate, 
significant improvements in turn-on and turn-off switching times are 
obtained and the FET switching losses are minimized. 


- t= 1 4 sec/div . 


TRANSFORMER COUPLED MOSFET DRIVE CIRCUIT 


Drain Voltage 
5Vidiv 


D1.D2:UC3611 SCHOTTKY DIODE ARRAY : 


' Figure 20 Figure 21 


IMPROVED XFMR COUPLED DRIVE 
CIRCUIT 


Figure 22 
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PUSH-PULL TRANSFORMER COUPLING 


The totem-pole outputs of the UC3706 can easily be configured for 
implementing the balanced transformer drive as shown in figure24. 
Outputs A and B are alternating now as the internal flip-flop is active 
and the output frequency is halved. Note that when one UC3706 
output goes high, the other is held low during the dead time between 
output pulses. With balanced operation, no coupling capacitor on 
the primary is necessary since there is no net DC in the primary. 
Schottky clamp uiodes on the primary side and-back-to-back zeners 
“onthe secondaries are necessary to minimize the overshoot causes 
by the ringing of-the gate capacitance with circuit inductances. 
Waveforms of all significant points within this circuit are shown. 


Prmary current A iN 


O5SA‘div 


Figure 23 


UC 3706 CONVERTS SINGLE OUTPUT PWMS TO 
HIGH CURRENT PUSH-PULL CONFIGURATION 


ear see el 


DRIVER BIAS 
3K 


OUT 12 z 
UC3840 
PWM ‘or 3K 


UC3841 


ig 
7 


UC 3611 QUAD SCHOTTKY 
DIODE ARRAY 


Figure 24 
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SUPPLYING POWER TO THE DRIVERS 


From the block diagrams of figures 6 thru 8, note that the UC3705, 
UC3706 andUC3707 have two supply terminals, Vin and Vc. These 
pins can be driven from the same or different voltages and either 
can range from 5 to 40 volts. Vin drives both the input logic and the 
current sources providing the pull-up for the outputs. Therefore, Vin 
can also be used to activate the outputs and no current is drawn 
from Ve when Vin is tow. This is useful in off-line applications where 
its desireable for the control circuit to have a low start-up current. 
Several PWM controllers, like the UC1840, UC1841 andthe UC1851 
feature a Driver Bias output which goes high once the undervoltage 

lockout threshold is crossed, thus supplying bias to the driver. 

Adaptations of this technique can be made to work with a variety of 
~ other PWMs and control circuits. 
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USING “SPLIT” SUPPLIES 


Many applications utilize a negative voltage rail in the drive circuit to 
guarantee complete turn-off of power MOSFETs, especially those 
with low gate threshold voltages, typical of “logiclevel” input devices. 
This is easy to implement with any of the UC3705 thru UC3709 
drivers by offsetting the input signals with a zener diode equal in 
voltage to the negative supply, Vee. Although referenced at the 
driver IC to the Vee rail, these inputs are offset by an equal amount 
to the PWM controller, simulating a ground referenced input. This 
technique also offers moderate improvements in FET switching 
speeds at the penalty of slightly increased effective delay times from 
the driver inputs. The end results are listed below, which may be 
beneficial in applications where a tailored gate drive is required to 
alter the MOSFET switching charcteristics. 


POWER MOSFET DRIVE CIRCUIT 
USING NEGATIVE BIAS VOLTOGE AND LEVEL SHIFTING 
TO GROUND REFERENCED PWMS 


Vec 
(+12to+15v) 


ee 


(VEE) 
NEGATIVE 
BIAS 


a 


(-5to-15V) i tuF 
2 


RISE TIME. 
{10 to 90%) 


(10NF) 10v- 
(@,2.2,10NF) 


V=2v/DIV 
H=SNS/DIV 


D1.02:UC3611 SCHOTTKY DIODES 


Figure 25 


FALL TIME 
{90 TO 10%) 
(0,2.2,10NF) 


Figure 26 
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RISE TIME 
(10 to 90%) 


(90 TO 10% Va) 


VEE | FALL 
FALL TIME 7] NS 


= 
Pee 


td Rise ] T Rise 


T Total 
tr+tf+trd 
(NS) 


VEE Delay Transition Times 
iL (Vv) trd+tfd (NS) tr+tf (NS 
0.- Minimum (106NS) | ° Maximum (95NS) 
-15V Maximum (143NS) Minimum (60NS) 
VEE (Vv) Rise Fall 
| 0 2.4A 2.67A 
5 2.86A 3.64A 
-10 3.53A 4.14A 
-15 4.0A 4.4A 
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SUMMARY 


This paper has presented an understanding of the dynamics of high 
speed power MOSFET switching in an attempt to define the 
optimum gate drive requirements to meet specific applications. The 
need for high peak gate currents with controlled rise times has led 
to the development of several integrated circuits aimed towards 
achieving these goals. The UC3705, UC3706, UC3707 and 
UC3709 drivers provide high speed response, 1.5 amps of peak 
current per output and ease the implementing of either direct or 
transformer coupled drive to a broad range of power MOSFETs. 
With these new devices, one more specialized function has been 
developed to further aid the power supply designer simplify histasks 
and enhance power MOSFET switching characteristics. 
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DRIVING THREE-PHASE BRUSHLESS DC MOTORS — A NEW LOW LOSS LINEAR SOLUTION 


Robert A. Mammano, V.P. Adv Tech, Unitrode IC Corp and 


John J. Galvin, Control Systems Eng, Quantum Corp. 


ABSTRACT THE SPINDLE DRIVE PROBLEM 
A new linear driver for small Brushless DC motors has Providing the above functions as a spindle driver for rotating 
been developed which has the capability of maximizing the memories represents an additional challenge as disk drive users 
voltage delivered to the motor while additionally providing have come to expect the package density. and low costs of an in- 
commutation logic and full control. By using discrete PNP tegrated driver while at the same time demanding ever higher 
high-side transistor switches in conjunction with integrated operating efficiencies to minimize the requirements on power 
saturable NPN low-side drivers, less than one voit total loss supplies and heat sinks. - i 


can be achieved at currents up to two amps, and. complete 


motor control can be derived from only a five volt power While discussing drive efficiency, it is worth noting that disk 


sOuTES: drives add a further restriction due to the magnetic media and low 
signal levels involved. This is that the use of switch-mode tech- 
nology to increase power control efficiency is usually forbidden 
BRUSHLESS DC MOTORS out of concerns for possible high-frequency EMI noise. Ruling 
Although the world has long known of the myriad problems out switch-mode techniques leaves the designer faced with the 
with brush-type DC motors, the development of electronically problem of providing maximum efficiency with linear current 
commutated, or "Brushless" (BDC), motors has not been a'simple control, and thus his quest for power savings can only be directed 
transition. While Hall Effect sensors have developed to the point toward minimizing the drop across the output switches in order 
where accurate and reliable armature position information can to use the highest efficiency motor. 
now be readily derived, the problems of amplifying these low- 
level signals, applying them to the appropriate winding, and then - THREE PHASE MOTOR DRIVE 
driving that winding with an efficient power transfer still repre- The drive stage for a typical brushless DC motor is shown in 
sent a significant challenge. Particularly when this intervening Figure 1 where the motor is shown wound in the "Y" configura- 
circuitry - none of which was required with brush-type motors - tion. A "delta" form is equally applicable and would make no 
also has to be reliable, very low cost, noise free, and take up min- difference to the switches. The driving problem is immeadiatly 
imal space. The problem is further compounded by the need to apparent in that there are six separate switches required and two 
provide three-phase drive for all but the simplest, specialized are in series with any current path through the motor. With a 12 
motors in order to accommodate bidirectional rotation and wide volt supply and typical bipolar darlington switches - each with a 
variations in speed and load. probable 1.5 volt drop - the maximum voltage to the motor is nine 


volts and one fourth of the input power is lost in the switches. 


For complete control of a brushless. DC motor, the circuitry 
must provide at least three functions: 


HIGH-SIDE 
SWITCHES 
SOURCE 
CURRENT 


1. Commutation logic to generate the correct phase timing 
from the Hall sensors. In most cases, this is implemented as 
a digital decoding function. 


2. Power drivers for each of the three output phases. The chal- 
lenge here is finding a solid state switch as efficient as the old 
commutator brush. 


3. Control circuitry to give the motor some intelligence. This 
usually means controlling motor current in response to com- 
mands based on speed, position, torque, or some other 
measurable output. 


LOW-—SIDE 
SWITCHES 


SINK 
CURRENT 


Figure 1: Three phase, bipolar drive for a BDC motor showing one phase 
of current flow. 
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These switch voltage drops have added sig- 
nificance in terms of optimizing the motor design 
since the maximum current through a given motor MtSY 
is defined by the difference between the voltage ap- 
plied to the motor and the back EMF generated 
while it is running. Reducing the voltage drop | rHasea 
across the switches allows the use of a motor with 
a higher torque constant and correspondingly higher 
back EMF which results in a lower motor current | Pxasec 
for the same load. Since the power loss in the motor 
is equal to I” times the wire resistance, the gain in 
overall efficiency is more than proportional. For 
example, with a three volt switch drop from a 12 V 
supply, an optimum motor choice might havea back 
EMF of 8 V and require 4 W of power from the 
supply to do 2.7 W of work. Reducing the switch 
drop to one volt would now allow a motor with a 
back EMF of 10.2 V to be used which, with all other 
factors remaining unchanged, would require only 
3.16 W to do the same work. In other words, a 22% 


PHASE B 


FWD/REV 


SOURCE DRA 


SOURCE DRB 


SOURCE ORC 


SINK OUTA 


SINK OUT B 


increase in the voltage applied to the motor can 
result in a 27% increase in motor efficiency. This 
is in addition to saving 2/3 of the power lost in the 
switches. 


While power MOSFET technology has the potential of offer- 
ing lower switch losses in discrete form, an integrated monolithic 
FET structure, while technically feasable, may well be economi- 
cally impractical. An integrated bipolar transistor scaled for a 
Vsat of 0.4 V at one amp requires approximately 2000 square 
mils of silicon, while an integrated DMOS transistor with an 
Rds(on) value of 0.4 ohms would be closer to 5000 square mils. 
And it takes six transistors to build a three phase driver, There- 
fore, a more cost-effective solution would indicate the use of 
bipolar transistors, but as single saturating switches - not dar- 
lingtons. 


The low-side switches of Figure | are easily integrated in this 
form as power NPN transistors with their base currents derived 


Figure 2: The UC3655 IC provides decode logic, high-current low-side linear drivers under the con- 
trol of an internal amplifier, and switches to activate high-side, external PNP transistors. 


devices is their saturation voltage for a given base drive. While 
bipolar PNP transistors are used throughout in this paper, it 
should be clear that this is a cost consideration and P-channel FET 
devices could be used as well with the benefit of reduced drive 
power losses. 


The current-limited darlington circuit used for each of the 
three PNP drivers is shown in the upper portion of Figure 3. This 
driver is activated by the digital signal from the Channel Select 
Logic which is defined to allow only one PNP to be on at a time. 
Note that the total supply current for this stage is a constant 100 
uA from the five volt supply for each output. 


Each of the low-side motor drivers shown in Figure 3 are, of 
course, integrated power NPN transistors scaled for a maximum 
output current of three amps with a very low saturation voltage 


efficiently from a five volt power supply. The high-side 
devices are more of a problem, however, as these need to be 
PNP transistors to achieve the same low-sat performance, and 
isolated power PNP transistors are still not compatible with an 
integrated bipolar process. Thus the decision made for the 
motor driver described herein was to supply the PNP’s as ex- 
ternal, discrete saturating switches while the rest of the con- 
trol circuitry was integrated into a single power IC. The result 


UC3655 


Vs =+5V 


Vm =5 TO 40V 


D73FST OR 
TIP 32 


is the UC3655 illustrated in the block diagram of Figure 2. HON 


THE UC3655 LINEAR BDC MOTOR DRIVER ree 


This device achieves efficient operation by allowing the 
external PNP’s to be selected for the specific application, 
while internally generating a switched base drive of up to 100 
mA - adequate for motor load currents of at least 3 Amps. Be- Bae 
cause the PNP’s are always driven into saturation, their power | oyanenr re 
dissipation will usually be low enough to require no special 
heat sinking and, in many cases, they may not even need power 


cHE 


3 PHASE 
8.0.C. 
MOTOR 


CH A SINK 
cHC 
(ALL 3 CHANNELS} 


packages. The only specification of significance for these Figure 3: Interfacing the UC3655 to a BDC motor. 
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drop. At full load, these transistors may need a base drive of up 3. A unity-gain output stage (to the sense resistor) provides 
to 50 mA which must come from the five volt supply; however, the high current output drive with a high input impedance so 
since they are also used as the means to control the motor cur- that the transconductance amplifier is not unduly loaded. 
rent, the action of the control amplifier reduces the base drive as Note that the analog command input is gated by the Channel 
it commands less motor current. The overall] schematic of both Select Logic so that only one output is on at a time with the 
the amplifier and one of the three low-side drivers is shown in other two drivers draining only 100 uA apiece from the 

Figure 4. supply. 
$10 y TRANSCONDUCTANCE AMP CLAMP |UNITY—GAIN CURRENT AMPLIFIER 4. A clamp on the output of the transcon- 
ea alee ductance amplifier limits the voltage 


VTE drop across the sense resistor to ap- 
proximately 500 mV and thereby 
provides some measure of over-current 
Stns protection. 

SINK 
ouput The remaining portion of the 
UC3655 consists of the decode logic to 
generate the proper output switch 
timing from the Hall sensor position in- 
dicators. This logic is easily mask 
programable for other than the standard 
60 degree output phasing. The input 
circuitry to these Channel Select stages 
has a high impedance, stabilized 
threshold of 1.5 V and is designed for 
single-ended, digital-output Hall sen- 
sors. For maximum flexibility, pull-up 
resistors are not included but in niosy 
environments, should probably be 
added externally. Where analog, two- 


Figure 4: Control of the motor’s current requires the four functions shown above, plus the decode logic to define 
which of the three outputs is active. 


This circuitry includes an internal feedback loop to configure terminal Hall sensors are used, the com- 
the transfer function as a transconductance amplifier controlling parator circuit of Figure 5 can be used at each input to give fast, 
motor current from a voltage command. For full control, four clean transitions. - ; 
functions are included: 

A fourth input to the decode logic is the direction function ad- 

1. An input divide-by-ten attenuator to scale a four volt input dressed through Pin 10. This input circuitry, shown schematicly 

command range on Pin 7 to a 400 millivolt range across the in Figure 6, has three states: 


current sense resistor connected to Pin 1. 
1. A low input pulls REV low and FWD high, setting up the 


2. An amplifier to provide voltage gain. This is also a decoding for a forward rotation. 

transconductance type so that the feedback loop may be easi- 

ly stabilized bya single capacitor from its output on Pin 9 to 2. A high input reverses the states of REV and FWD, which 
ground. There is a 100 mY offset built in so that, in conjunc- the logic decodes as a command for the opposite direction of 
tion with the input divider, zero output current is commanded rotation. 


with a one volt input. 


FWD/REV 


FWD 


TO UC3655 
SENSE INPUTS 


HALL 
SENSOR 


[Fwovrev | om | 


1/4 339 COMP 


Figure 5; An external comparator added to each sense input will allow the Figure 6: Internal circuitry allows the choice of direction of rotation - plus 
use of low-level, analog Hall sensors. inhibiting - with a single device pin. 
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3. If the input is open - or connected to a voltage between 1.8 
and 3.2 volts - both FWD and REV are high which the logic 
defines as a coast condition with all six outputs off. 


All outputs are also inhibited if the three Hall inputs are all in 
the same state, either high or low. 


While no braking function is built into the UC3655, it is en- 
tirely feasible to provide a rapid deceleration by switching the 
direction command from FWD to REV with the only precaution 
being to allow the output transistors to turn off while the com- 
mand is passing through the INH region. Typically, this might 
require a 10 usec delay which is easily accommodated with either 
digital or analog techniques. 


U-119 


supply. Most PNP transistors will readily accept this as long as 
the voltages are low, but it should be evaluated for each applica- 
tion. Of course, the body diode of a P-channel FET provides this 
current path inherently. ; 


Typical waveforms for voltage and current at one output are 
shown in Figure 7. While the voltage always switches to Vm on 
the high side due to the saturated PNP’s, the value on the low side 
will be determined by the motor resistance and the commanded 
current. The large negative glitch occurs when the active PNP 
turns off; the tall spike above Vm occurs with turnoff of the NPN. 
The two short negative transients which occur while the current 
sinking NPN is on are caused by state-changes on the other two 
outputs momentarily interrupting current flow. 


Vm 


It can be seen from the block diagram of Figure 2 
that the only supply voltage connection to the UC3655 
is a single 5 volt source. From this supply, the quies- 
cent current is less than 10 mA with the outputs inhibited ° 


and increases with motor current to approximately 25 
mA with a two amp load. The motor voltage is defined 
by the supply used for the emitters of the PNP transis- 
tors and can range from 5 V to 40 V. Note that with this 
design, a5 V supply could deliver more than 4 V to the 
motor - a difficult task for any other integrated circuit 
topology. 


tim 


Finally, this device includes the protection of under- 


MOTOR DRIVE VOLTAGE (WITH RESPECT TO GROUND) 


voltage lockout, with a threshold of 4.2 V, and thermal | -'= 
shutdown when the junction temperature rises above 


MOTOR CURRENT (IN ONE LEG OF THE MOTOR) 


0, : . : 
150°C. Since the UC3655 is a linear driver, the poten- Figure 7: Voltage and current waveforms experienced at each output of the UC3655. 


tial for high dissipation is possible but a Multiwatt 

power package with adequate heat sinking will accommodate up 
to 25 watts. For smaller motors, a power 28-pin surface-mount, 
PLCC configuration with 4 watt capability will be offered. 


INTERFACING TO THE MOTOR 


The schematic of Figure 3 illustrates the added components 
necessary to interface the UC3655 to a typical BDC motor with 
the other two outputs identical to that shown. While resistor R1 
serves merely to speed the turn off of the PNP transistors, R2, 
while optional, serves two functions: It can reduce the PNP base 
current to less than the internally limited 100 mA, and it absorbs 
the PNP base drive power losses which would otherwise add to 
the IC package dissipation. 


In driving a BDC motor, there is no concern for cross-con= 
duction current flow where both an NPN and a PNP experience 
overlapping conduction during switching transitions. This is be- 
cause the commutation logic never switches any output from low 
to high or vice versa - there is always an off state in between. The 
inductance of the motor does force current transients when any 
transistor turns off, however. When a PNP turns off, residual cur- 
rent transfers to the internal diode at that output, pulling the out- 
put slightly below ground potential. When an NPN turns off, the 
transient current then flows through the PNP in the reverse direc- 
tion, pulling the output voltage momentarily above the motor 


For disk drive or other applications where EMI noise genera- 
tion at phase changes could be a problem, some slope control 
should be used on the outputs. While there are several ways to 
accomplish this, one effective technique is with R-C snubbers as 
shown in Figure 8. The circulating currents which will flow in 
these snubbers control the output rise and fall times and sig- 
nificantly reduce the higher frequency harmonics without con- 
tributing additional stress to the drive transistors. 


22 
OHMS 


Figure 8: These three sets of R-C snubbers will help to reduce EMI noise. 
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ALTERNATE CONFIGURATIONS . 


Although the primary goal in developing the UC3655 was the 
implementation of a linear, current controlled BDC drive, that is 
not the only way this device may be used. The benefit of very 
low saturation voltage drop across the conducting switches has 
obvious advantages for efficient motor drive without linear con- 
trol. The internal transconductance amplifier can be disabled by 
merely connecting the input terminal to the 5 V supply which will 
pull the compensation terminal up to the internal clamp level and 
allow the NPN low-side transistors to be switched fully 
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PULSE WIDTH MODULATION OF MOTOR CURRENT 


If the application will accept direct switch-mode control of 
motor current, this approach is also possible with the UC3655. 
Figure 10 shows the use of a UC3843 Power Supply PWM IC as 
the control element. Since this device has a very low impedance 
output drive, it will override the output of the UC3655’s control 
amplifier and apply the PWM signal to whichever output has been 
activated by the decode logic. To keep switching and motor los- 
ses low, the frequency should be limited to the 20-40 kHz range. 


on through the action of the decode logic. Current limit- 
ing may still be included by appropriate selection of the 
sense resistor, or for maximum voltage to the motor, the 
sense terminal may be connected directly to ground. 


In this configuration, the circuit is only utilizing the 
position decode and output drive circuitry, and the motor 
will run open loop with its speed (or torque) determined 
solely by the motor voltage. This suggests another 
method of control. Since the UC3655 operates with 
only a5 volt supply and is unaffected by the motor voit- 
age, Vm, on the PNP emitters, controlling Vm will con- 
trol motor speed. This can be done with either a linear 
or switch-mode regulator with the regulator control loop 
used to control the motor rather than hold the output 
voltage constant. An example of switching regulator 


CONTROL 


Vn SUPPLY 
TO MOTOR 


control is shown in Figure 9 where an L296 PWM power 
supply IC is used as a 100kHz buck regulator. This cir- 
cuit offers several advantages over other control techni- 
ques: 


1. Since all power devices are used as switches, over- 


Figure 9: The L296 Buck Switching Regulator will efficiently control motor speed with the 
internal control loop disabled, by controlling the motor voltage instead. 


all efficiency can be higher than with a linear ap- [ 
proach. 


2. The PWM frequency is converted back to DC 
before it gets to the motor minimizing the potential 
for harmful EMI. 


CONTROL 


3. High switching frequencies can be used in the 
regulator to keep the filter components small but 
with only ripple curfent through the motor, internal 
AC losses there are minimized. 


4. A boost configuration could also be used to raise 
the motor voltage above the supply for faster 


+12V +5V 


vm TO MOTOR 


UC3655 


response, lower currents, and a potentially sig- 
nificant increase in efficiency. 


Figure 10: The UC3843 PWM Power Supply Chip can be used as a switch-mode controller far. 


motor current by overriding the UC3655’s internal amplifier with a PWM command. 


There are also some disadvantages: 


1. The added complexity and components of the 
PWM regulator, 


2. The additional switch in series with the motor. 
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PHASE LOCK LOOP SPEED [ 
CONTROL 


In many applications where very 
accurate speed control is required - 
disk drives, for example - a phase lock 
loop, locked to a crystal frequency 
reference, is often utilized. The 
UC3633 PLL chip has been designed 
to supply this capability and its use 
with the UC3655 is shown in Figure 
11. In this circuit, a 4.9125 MHz crys- 
tal is divided down and compared with 
a signal from one of the motor’s Hall 
sensors to force rotation at exactly 
3600 rpm, +/- 60 ppm. This figure 
shows the UC3655 used in its conven- 
tional linear control mode, but the 
UC3633 is equally applicable to the 
other modes of operation discussed 


Vs = +5V 


4.9152 MHZ 


Pd] 

me) Lan | 
reno 

DETECT 


Be 
> bdo 
ee 


Vm =+42V 


above. For further information on the 
UC3633, refer to Unitrode’s Applica- 
tion Note U-113. 


curacy. 


SENSORLESS DRIVE 


Finally, with the utilization of a microcontroller it should be 
possible to implement a drive system without the need for Hail 
position sensors and thus gain significant cost savings in the 
motor. Utilizing techniques developed for 


Figure 11: A UC3633 Phase Lock Loop IC can be used with the UC3655 to provide crystal-controlied speed ac- 


synchronous and stepper motors, commutation 
could be done “open loop” without angular position 
feedback but since the actual commutation point is 
not likely to occur at the optimum point, motor ef- 
ficiency will be poor and will vary with load. One 
approach to solving this problem is the use of a 
single sensor to generate a reference point, and a 
digital PLL locked to this reference to generate the 
correct commutation timing. While this can yield 
commutation accuracy even higher than that ob- 
tainable with a typical sensor-type motor, the ob- 
vious disadvantage is increased cost over a com- 
pletely sensorless design. 


MICRO CONTROLLER 


| 
ce ee 
CONTROL —> 


Ph3 


PWM 


SAMPLE A 
SAMPLE B: 


By using the back EMF generated by the motor, 
a signal proportional to the torque angle (commuta- 
tion error angle) may be derived which can be used 


COMMUTATION _ va=Vb_ 
ANGLE ERROR VeLoctTY 


— BACK EMF 


to correct the timing. However, simply forcing the 
commutation generator to deliver the correct timing 
will not control the speed of the motor. If instead, 
this signal is used to control the motor current by 
the approach shown in Figure 12, the commutation points are still 
generated open loop but, instead of forcing the commutation gen- 
erator to follow the motor, the motor now follows the commuta- 
tion generator. If the motor leads or lags, drive current is 
modified to force the torque angle to be optimum, yielding a PLL 
motor control system requiring no position sensors. 
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Figure 12: This approach to sensor-less control digitizes the back EMF on one motor phase and com- 
putes the commutation angle error from measurements made during the middle of the “off-time”. 
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A NEW LINEAR REGULATOR FEATURES SWITCH MODE OVERCURRENT PROTECTION 


Robert Mammano and Jonathan Radovsky, Unitrode IC Corp; and 


George Harlan, Power Generai 


ABSTRACT 


This paper presents a new linear regulator control circuit 
which, in addition to offering benefits such as low input-out- 
put differential and a precise reference voltage, features a uni- 
que and innovative approach to overload protection. By using 
duty-ratio, switch-mode protection, this circuit eliminates 
both the high internal dissipation of constant current limiting 
and the latch-up tendencies of limiting with current foldback. 


THE CURRENT LIMIT PROBLEM | 


Asan opening statement, let us offer asa "given" that all linear 
power supplies need some form of over-current protection. 
Traditionally, this protection consists of configuring the supply 
to control current - rather than output voltage - once an-estab- 
lished threshold of maximum current has been exceeded. The 
method of current control can usually be classified as either "con- 
stant-current" or “current-foldback” current limiting and, while 
simple to classify, choosing between these two methods is often 
less than satisfying. 


The protective method most acceptable to the user is constant 
current limiting with a characteristic as shown in Figure 1. With 
the knowledge that a power supply will only deliver a maximum 
current regardless of what he might do to it, the user’s job of scal- 
ing his cables, switches, connectors, and other components as- 
sociated with the power inputs to his system is greatly eased. He 
knows that no matter how non-linear his load may be, he can 
count on a regulated voltage whenever his current drain is within 
the supply’s rating. Further, he knows that the maximum rated 
current is always available to. meet any demand asked of the 
supply. 


The "benefits" of constant current limiting are another matter 
to the power supply designer, however. For example, a regulator 
designed to deliver 12 Volts ata maximum load current of 5 Amps 
would probably start with a bulk input voltage of approximately 
15 Volts and a constant current limit of 5.5 Amps. Under maxi- 
mum rated load, the interna! dissipation of the regulator is 3V x 
5A or 15 watts but with a short to ground, this dissipation jumps 
to 15V x 5.5A or more than 80 Watts! This means that the ther- 
mal management and heat sinking must be sized for the short cir- 
cuit condition resulting in a massive overkill in terms of volume, 
complexity, and cost with respect to normal operating condi- 
tions. 
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CONSTANT CURRENT LIMITING 
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Figure 1: Constant current limiting. 


A common solution to this problem is to design a current 
limiting scheme as illustrated in Figure 2. Here the protection is 
actuated at 5.5 Amps when the output voltage is at 12 Volts but 
the allowable current then "folds back” as the output voltage falls 
due to increasing overload, until it reaches some much lower 
value - say one Amp in this example - with a shorted output. Now 
the dissipation with a short circuit is close to the same as it was 
with rated current and our designer’s thermal problems are 
solved. 


FOLDBACK CURRENT LIMITING 
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CURRENT 


\ 


SHORT 
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lo —— 


Figure 2: Foldback current limiting. 


APPLICATION NOTE 


But what about his customer? His load may be complex, non- 
linear, and often not even well understood. Figure 3 shows typi- 
cal load characteristics for digital and analog circuitry but an ac- 
tual system may include all of thése plus motors which need to 
be started and capacitors which need to be charged. Any protec- 
tion scheme which allows the static load line to intersect the 
foldback current curve as shown in Figure 4 is potentially subject 
to latch up because the load draws more current than the regulator 
can supply at the voltage where the curves cross. 


TYPICAL LOAD LINES 


PERCENT SUPPLY VOLTAGE 


20 40. 60 80 


PERCENT LOAD CURRENT 
Figure 3: Typical digital and analog load lines. 
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Figure 4: Latching at start-up with foldback. 


An application particularly susceptible to latch up due to 
foldback current limiting occurs when two supplies are used to 
provide positive and negative voltages to a load where there is a 
path for "rail-to-rail" loading. As the regulators turn on, their out- 
put capacitors are charged at rates determined by the values of 
the capacitors and the amount of current each regulator can 
provide as its output rises up the foldback curve. Since these cur- 
ves are unlikely to be perfectly matched, one output will dominate 
the other. As the faster one’s output voltage increases, it provides 
more current through the common load. This forces the slower 
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one back down the foldback curve where it provides less current, 
compounding the problem and ultimately latching when its out- 
put is driven past zero to a reversed polarity. Thus a foldback- 
limited regulator, which might be stable when used by itself, may 
latch when used as one-half of a dual-polarity system due to this 
“turn-on slew rate" phenomenon. 


So what we have concluded is that while the power supply 
designer needs to incorporate foldback current limiting to reduce 
power dissipation, his customer needs constant-current limiting 
to insure reliable starting. It is the contention of this paper that 
what they both really need is duty-ratio protection. 


DUTY-RATIO OVERCURRENT PROTECTION 


Duty-ratio protection can be simply described as a constant 
current limiting regulator with a timer. The timer’s function is to 
turn the regulator’s power stage OFF and ON with an established 
duty cycle ratio such that the high internal power dissipation of 
constant current limiting is reduced by the duty ratio to a much 
more manageable average value. 


Referring back to our earlier example of a 12V, 5A regulator, 
consider setting the constant current limit at 5.5 amps but addi- 
tionally establish a duty ratio for the timer at 1 to 20 for "ON" to 
"OFF". If we set the "ON" time sufficiently long to charge 
whatever capacitance might be on the output, the regulator will 
power up with the constant current characteristic, insuring start- 
up regardless of the loading. In the event of an overload or short 
circuit (defined in this device as remaining in current limiting for 
a period of approximately 2 x Ton), the regulator will periodically 
shut down for a time equal to 20 x Ton and then continue to cycle 
in a | to 20 duty cycle until the fault is removed. Although the 
peak power during Ton might be 80 Watts, the average fault dis- 
sipation at this duty ratio is only 4 Watts - less than the normal 
15 watt operating power loss, and we have thereby satisfied both 
the designer and his customer. 


INTRODUCING THE UC1833 / UC3833 


The block diagram of this new linear regulator control IC is 
shown in Figure 5. This circuit can be used in many different 
ways but its primary intent is as a high-efficiency regulator im- 
plemented with an external PNP pass transistor as shown in the 
figure. The circuitry in the right half of the UC1833 block 
generates the voltage error signal used to activate an NPN Dar- 
lington driver which, in turn, drives the base of the PNP pass 
device. This common-emitter pass transistor configuration al- 
lows this type of regulator to operate with a minimum input-out- 
put differential of well less than one Volt, even at high loads. 


Duty-cycle current limiting is accomplished with the circuitry 
on the left half of the block diagram, where an Amplifier and a 
Comparator are seen, both monitoring the voltage drop across a 
single current sense resistor. The Comparator has an input 
threshold of 100 mV and, when activated, initiates a timer to al- 
ternately clamp and release the base of the driver to ground there- 
by switching the output of the regulator from Vout to Zero with 
a low duty ratio. 
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PNP PASS DEVICE 


UC1833 


The current sensing portion of this circuit is to 
the left of this figure where the current-sense Com- 
parator and Amplifier are shown sharing the same 
input sense pins. Note that their offset voltages are 
derived by a constant current through R] and R2 in 
series rather than independently as shown in the 
more simplified earlier block diagram. By adding 
30 mV to the 100 mV offset of the Comparator, the 
Amplifier’s offset will more accurately track that of 
the Comparator should any variations occur, and 
the criteria to have the Comparator always activate 
first is assured. 


A characteristic important to current protection 
is the accuracy of its threshold as any tolerance rep- 
resents a window of undefined operation which 


Figure 5S: The new UC1833 / UC3833 linear regulator. 


The Amplifier part of the current sense circuitry has an input 
threshold of 130 mV and overrides the output of the Error 
Amplifier to control the driver - when enabled by the ON-time of 
the timer - to regulate the supply’s output current to a maximum 
amount determined by 130 mV divided by the value of the sense 
resistor. The 30 mV differential between the thresholds of the 
Amplifier and Comparator insures that current limiting can never 
occur without prior initiation of the timer: 


OVERLOAD PROTECTION CIRCUITRY 


The. operation of the overload protection circuitry can be 
better understood by teferring to the simplified schematic of 
Figure 6. 


works to the disadvantage of both designer and user 
of the power supply. Recognizing this, the 
UC1833’s thresholds are derived from its precision 
reference resulting in a Timer activation threshold 
guaranteed to 5 percent over all operating conditions. 


The output of the Current Amplifier connects into the output 
stage of the Error Amplifier where it can easily take command 
when activated. The compensation capacitor must compensate 
both the voltage and current feedback loops, and since the cur- 
rent loop musf override the voltage control, its gain will be higher 
making the current loop the more difficult to stabilize. To 
evaluate the current loop, grounding the Timing pin will disable 
the Timer and allow continuous constant current operation. This 
can be useful either as a temporary measure while designing the 
current compensation network, or permanently to implement a 
constant-current limited power supply. 


VOLTAGE 
FEED BACK 


+Vin TO 
iNTERNAL 
CIRCUITRY 


The Current Sense Com- 
parator is phased such that its ac- 
tivation turns off QI which turns 
on Q2 and Q4 to start the timing 
cycle, The timer is a gated astable 
relaxation oscillator with ON and 
OFF times independently 
programmed using an external 
resistor and capacitor, RT and CT. 
The external components work in 
conjunction with an internally 
switched 10k timing resistor 
shown in the schematic as R3. 
With RT much greater than 10k, 
the ON time is defined by.R3 and 
CT, while RT and CT determine 
the OFF time. The thresholds for 
the Timing Comparator are set at 
1/3 and 2/3 of the internally regu- 
lated 5 V source by the values of 


Figure 6; A simplified schematic of the UC1833 control circuitry. 
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R4, RS, and R6. 
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Timing waveforms during an overload cycle are shown in 
Figure 7 where the upper graph shows the output current from 
the regulator, the center one plots the voltage on the timing com- 
ponents, and the regulator’s output voltage is shown in the lower 
graph. Following the sequence of events as drawn in the figure, 
when the load current ramps up and crosses the 100 mV Com- 
parator threshold, the initial ON time begins. This initial period 
is about twice the duration of successive ON-times as the timing 
capacitor starts its charge from zero initially, while subsequent 
ramps begin from the lower Comparator threshold. While the 
timing capacitor is charging, the regulator current is limited by 
the action of the Current-sense Amplifier to maintain a level of 
130 mV across the sense resistor, While in current limiting, the 
regulator’s output voltage falls to whatever value that current will 
allow across the faulted load impedance. 


OVEALOAD 


OUTPUT 
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cT 
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Figure 7: Load current, timing capacitor voltage, and output voltage of the 
regulator under fault conditions. 


The ON-time continues until the internal 10k resistor charges 
the timing capacitor to the upper Timer threshold. At this point, 
both the ON-time of the regulator and the charging of the timing 
capacitor are terminated, and the capacitor now discharges 
through RT, while the regulator is held OFF until the voltage on 
CT reaches the lower threshold, at which point the cycle repeats. 
If the load fault is removed during an ON-time, the Timer is im- 
meadiatly disabled allowing the regulator to recover and the 
timing capacitor to discharge back to zero. If the fault is removed 
during an OFF-time, the Timer must complete that cycle of 
capacitor discharge before allowing the regulator to turn back on. 
In special applications requiring an extended ON-time, the cor- 
respondingly long recovery may be accelerated by interrupting 
the input voltage, as the falling internal 5 V source will discharge 
CT through D1 and an equivalent 1k impedance. 


Duty-ratio protection has greatly eased the: problem of heat 
sinking created with a constant-current solution since the area of 
the heat sink, or its thermal resistance, need only remove the 
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average power as reduced by the duty ratio. Heat sinks for the 
internal power devices must now only have adequate thermal 
mass to absorb the high peak power of the initial ON period. 
REMAINING CONTROL CIRCUITRY 
Other blocks within the UC1833 include a 2.0 Volt band-gap 


~ reference internally trimmed to 1% and a low input-offset Opera- 


tional Transconductance Amplifier (OTA) to serve as the error 
sensing and amplifying circuitry. The OTA Error Amplifier has 
a gm of about 4 millimho and an output current capability of 
+/- 300 uA. This form of amplifier can usually be compensated 
with a simple network - often a single capacitor - from its output 
to ground; but more commonly, an R-C pole-zero pair is also 
added to compensate for an external PNP pass transistor’s gain 
characteristics. 


The Error Amplifier is followed by a unity-gain Buffer 
Amplifier which controls the Driver Stage consisting of a Dar- 
lington transistor pair with local current limiting. This Driver can 
either source or sink current, allowing its use as a driver for either 
NPN or PNP pass transistors. The Pullup and Pulldown current- 
sources shown at the Sink and Source terminals of Figure 6 are 
to provide turn-off bias to the pass transistor during duty-ratio 
switching so that it is not turned off into.a BVCEO condition. 


Not shown on the schematic are two additional forms of 
protection built into the UC 1833: Thermal Shutdown (TSD), and 
Under Voltage Lockout (UVLO). While it could be argued that 
thermal protection on the control chip does nothing to protect the 
pass transistor, the fact that the Driver can conduct up to at least 
100 mA with a large portion of the input supply voltage across 
it, can result in more than acceptable internal heating of the 
UC1833. A good practice, when voltage levels permit, is the ad- 
dition of an external resistor in series with either the Source or 
Sink outputs of the Driver to remove some of the voltage - and 


therefore some of the dissipation - from the controller. 


Under Voltage Lockout keeps the Error Amplifier output low 
until the supply voltage reaches approximately 4 Volts insuring 
that all internal circuits - particularly current limiting functions - 
are intelligent before allowing the pass transistor to turn on. The 
UVLO function also disables the Pullup current feeding into the 
Sink terminal, for low input voltages, so that the pass transistor 
cannot be driven in the reverse direction should the input supply 
fall with a charged capacitor or other energy source on the out- 
put. The Source Pulldown current source is also disabled with 
UVLO but this terminal also has a two-diode path from the Source 
to the Compensation terminals. This is to allow any shutdown 
function which pulls the Comp pin low to discharge capacitance 
at the regulator’s output without reverse-biasing the Driver’s 
emitter-base junction. 


THE UC1832 14-PIN CONTROLLER 


An important objective in the design of the UC1833 was that 
in addition to providing significant operating benefits over the 
omnipresent uA723, the resulting product should be cost-com- 
petitive with that device. Committing the UC1833 to an 8-pin 


APPLICATION NOTE 


Minidip package allows the potential for meeting the cost objec- 
tive (plus the benefit of less PC board area), but in several impor- 
tant ways, also restricts the device’s versatility. Recognizing this 
fact led to the introduction of the same chip in a 14-pin package 
with a UC1832 designation. The block diagram of this device, 
in a uA723-type application, is shown in Figure 8. 
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TYPICAL CIRCUIT APPLICATIONS 


Unitrode’s Power General Division has already utilized the 
UC3833 (the commercial version of the UC1 833) in several suc- 
cessful power supply designs. A brief description of some of 
these products will illustrate both the range of applications and 

the simplicity which this new device brings to 


NPN PASS STAGE 


{aux} 


power supply design. 


The circuit of Figure 9 shows one of the 
simplest applications of the UC3833 repeated 
twice to implernent a dual-polarity 12 volt, 
200 mA supply. The timing components for duty- 
ratio protection are determined from the follow- 
ing equations: 


Ton = .69 x 10k x CT 
Toff = .69 x RT x CT 


Duty-ratio = Ton/(Ton+Toff) 
= 10k/(10k + RT) 


The values shown provide approximately 


Figure 8: A 14-pin version, designated UC 1832 / UC3832, offers enhanced versatility. 


The characteristics of the UC1832 include all the perfor- 
mance features of the UC1833 plus the following: 


1. Separating the +Vin line from the CS+ terminal so that the 
controller could be supplied from a higher potential, low-cur- 
rent, auxiliary voltage while sensing current from the main 


supply. 


7 mS ON time and 140 mS OFF. These fairly 
rapid time constants minimize the need for any 
significant thermal mass in the heat sinks and also 
allow fast recovery after an overload is removed. With the 
knowledge that the initial conducting time can be twice the ON 
time, the maximum output capacitance can be calculated from: 


C = Imax (dt/dV) 


C = 130mV/.Sohm ( 14mS/12V ) = 300 uF. 


2. Separating the Reference from the Error 
Amplifier (+) input and making both acces- 
sible to the user. Among other things, this al- 
lows phase reversal, an external or divided- 
down reference, and a convenient access point 
for soft-start. 


3. Providing a separate input to the Driver’s 
local current limiter allows considerable 
flexibility in setting that limit either higher or 
lower than the 300 mA (typical) defined by the 
internal 2.4 ohm resistor. 


4. A separate logic-level digital shutdown 
function has been added to give more 
programming options such as accepting a 
shutdown command from an over-voltage 
sensor or implementing a turn-on delay. This 
input is fail-safe as it must be pulled low to 
allow the regulator to turn on. 


Figure 9: A +/-12V, 200mA regulator is easily implemented with two UC3833 devices. 
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A higher power application is shown in the schematic of 
Figure 10 which was designed to supply 5 Volts at 5 Amps. 
The UC3833, configured as shown, will meet this require- 
ment with an input voltage as low as 6 Volts due to the low 
saturation voltage of the paralleled 2N6489 transistors and 
the fact that the maximum non-fault voltage on the sense 
resistor is less than 100 mV. Actually, a little more sense 
voltage was sacrificed in the interests of selecting a standard 
resistor value, with the excess divided down by the 
56/100 ohm divider. The additional BD438 drive transistor 
was added to boost the UC3833 drive current and keep the 
internal power dissipation low. 


A third application of the UC3833 is one which took par- 
ticular benefit from duty-cycle current limiting. This was for 
a disk drive power supply which required considerable cur- 
rent at turn-on to accelerate the disk. The circuit schematic 


is the same as that shown in Figure 10 with the voltage sense 
resistors selected for a 12 Volt output. The power require- 
ments dictated a peak start current of 5 Amps decaying to 
3 Amps in 30 seconds as the motor reached operating 
velocity. The current sense resistor was chosen to give a Timer 
initiation at 4.75 A and a constant current limit of 6.1 Amps. The 
timing capacitor value was set at 3300 uF yielding an ON-time 
of approximately 20 seconds, with 40 seconds for the initial turn 
on period - during which time the motor current will decrease to 
less than the lower threshold. With a duty-ratio of 20:1, when a 
fault does occur, the OFF-time will now be greater than 6 minutes, 
but, if this is excessive, recycling the input voltage to the regulator 
will reset the timing capacitor. 


CONCLUSION 


While no one can deny the long-term success of the uA723 
as a general-purpose linear regulator controller, there has also 
long been a call for a device to improve its many limitations. 
While other products have been marketed offering some 
parametric improvements, the UC1833 - and its companion 
UC1832 - are the first to offer an innovative solution to a very 
basic problem. By combining switch-mode protection with 
linear regulation, these devices answer the question of which 
form of protection is best for whom, with a solution that is best 
for everyone. 


Unitrode Integrated Circuits Corporation 
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Figure 10: A high-efficiency configuration with added current boost will deliver 5V at 5A 
from a 6V source. 
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A SIMPLIFIED APPROACH TO DC MOTOR MODELING FOR 
DYNAMIC STABILITY ANALYSIS. 
y 


Claudio de Sa e Silva 
Applications Engineer 
Unitrode Corporation 


When we say that an electric motor is a device that 
transforms electric power into mechanical power, we say 
two things. First, that the motor is — and behaves as — 
a transformer. Second, that it stands at the dividing line 
between electrical and mechanical phenomena. In the 
case of permanent magnet (PM) motors we know that this 
power transformation works.in both directions so that the 
electrical impedance depends on the mechanical ioad, 
while the mechanical behavior of the motor depends on 
the conditions at the electrical end. 


This being the case, it should be possible to represent a 
motor's mechanical load, on the electrical side, by a set 
of familiar electrical components such as capacitors or 
resistors. 


CHOOSING A UNIT SYSTEM 


Before we get started, let us consider for a moment the 
system of measurement units that we have cnosen. 


The metric system of units has undergone a number of 
changes in its history, of which the latest is the S! (Systeme 
International d'Unites). This system has become popular 
in most of the industrialized world, largely because it is 
a coherent system, in which the product or quotient of two 
or more units is the unit of the resulting quantity. It will be 
seen here that certain simplifications result from using this 
form of the metric system. 


In the SI system, force is measured in Newtons (N) and 
distance in meters (m). Consequently, the units of torque 
are Nm (see Conversion Table). If a motor shaft rotates at 
an angular velocity of wy radians per second, with torque 
Tu, the mechanical power output will be equal to the 
product Ty and wy and the units will be watts if Ty is in 
Nm. 


Motor manufacturers usually specify a torque constant 
(Ky) and a voltage constant (Ky) for their motors. These 
constants have different values when the torque and speed 
are measured in English units, but they have the same 
numerical value when Sli units are used. This becomes 
obvious when you consider that the electrical input power 
must be equal to the mechanical output power: 


(1) 


ay “we 
wm \a 


Va la = a) wm (watts) 


i 


Kr 


“where Va is the internally generated armature voltage, or 
back emf, and la is the armature current. (See Fig. 1 for 
definition of motor terms.) 
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TABLE 1. UNITS CONVERSION 


1.356 


7.063 x 10-8 


NOTE. The dimensions are M (mass). L (length). and T (time). The gram (g) 
1S a unit of mass. and the gram-force (gf) is a unit of force The pound (ld) 
and the ounce (02) are included as units of force only. 


wy = Motor speed in radisec 
Ky, in NA or Vsecirad 
J 


Cu = {tarads) 


KR 


FIGURE 1. THIS SERIES RLC CIRCUIT IS AN EXCELLENT . 
MODEL OF A OC MOTOR LOADED WITH AN ESSENTIALLY 
INERTIAL LOAD. HERE, J IS THE TOTAL MOMENT OF 
INERTIA, INCLUDING THE ROTOR'S Um. 


If we do the same thing with the familiar electrical trans- 
former, we get the turns ratio: 


(3) Vi 1 = Vo lo (watts) 


Ne 


Thus, the non-dimensional turns ratio N,/Nz is analogous 
to the dimensional torque (or voltage) constant Kry. Fur- 
thermore, equations (2) and (4) give us a clear hint that 
the angular velocity (wy) is analogous to voitage, while 
the torque (Ty) is analogous to current. 


APPLICATION NOTE 


The units of Kry may be either Nm/A, or V sec/rad. Thus, 
specifying both Ky and Ky for a motor is like measuring 
and specifying both the voltage ratio and the current ratio 
of a transformer, and.can only make sense where redun- 
dancy is required. 


THE MOTOR AS A TRANSFORMER 


We have established an analogy between Kry and a 
transformer's turns ratio; between angular velocity and 
voltage; and between torque and current. If the motor 
behaves as a transformer, then we would expect to find 
the square of Ky, involved in something analogous to 
impedance transformation. 


Suppose we apply a constant current |, to the armature 
of a motor whose load is its own moment of inertia Jy 
(Nm sec?). We know that according to Newton's law for 
rotating objects, 

(5) Ty = Ju om 

where ay is the angular acceleration dayy/dt. 


Since Ty = 'a Kry (Eq. 2) 


(6) Ia Kry = Jy COM 


dt 
Furthermore, also from Eq. 2, 
W wye ck. 
Krv 
so that 
(8) ig SoS 
Key at 


Equation 6 has a familiar form, and we recognize at once 
the quantity Ju/K%, as a capacitor It follows that the 
motor ‘‘reflects’’ a moment of inertia Jy back to the elec- 
trical primary as a capacitor of Jy/K%y farads. 

A neat way to check this result is to equate the energy 
stored kinetically in Jy with the electrical energy stored 
in a Capacitor Cy: 


(9) V2 CyuVR = 2 Jy we 


2 
(10) Cu = Jw (x) 
Va 


Since @M_ =_"_, 
Va Kr 


J 
(11) Cy = ro (farads) 


Similarly, a torsional spring with spring constant Kgs 
(Nmirad) is reflected as an inductance of K?y/Kg henries. 
And a viscous damping component B (Nm sec/rad) ap- 
pears as a resistor of K#\/B ohms. 
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A MOTOR MODEL 


Once we can represent the mechanical load by means 
of electric elements, we can draw an equivalent circuit of 
the motor and its mechanical load. The armature has a 
finite resistance Ra and an inductance L,, through which 
the torque-generating current |, must flow. These com- 
ponents are not negligible, and must be included. An in- 
ertially loaded motor can be represented as in Fig. 1, 
where the moment of inertia J is the sum of the load’s Jy 
and the rotor's Jy. 


It turns out that.in practice, the moment of inertia that the 
motor must work against — or with, depending on how 
you look at it — is by far the most important component 
of the mechanical load. A frictional component also ex- 
ists, to be sure, but because it is largely independent of 
speed, it would be represented electrically as a constant 
current source, which could not affect the dynamic 
behavior of the motor. And since a torsional spring — 
which would affect it — is rarely found in practice, we will 
concentrate on the inertial problem only. 


MEASURING THE COMPONENTS 


The measurement of Ra and Ly is not difficult. A good 
ohmmeter will get you Ra, and you can measure the 
electrical time constant te to calculate Ly: 


(12) La = Te Ra 


Just make sure that the rotor remains stationary during 
these measurements. 


In order to determine the value of the capacitor Cy, we 
will need to measure the shaft speed. if the motor being 
measured is a brushless DC motor, we can use the signa! 
from one of the Hall effect devices as a tachometer. If the 
Hail frequency is fy, and the number of rotor poles is P 
the angular velocity wy is 


(13) om = Aah (rad/sec) 
p 


With other motors you will need a strobe-light or. some 
other means to measure speed. 


A good way to measure Cy is through a measurement 
of the mechanical time constant Ty. We do this by driv- 
ing the motor with a constant voltage driver and measur- 
ing the time it takes to accelerate from zero speed to 63% 
of the highest speed achievable at the voltage used. To 
set a safe limit to the starting current we can reduce the 
supply voltage or add a series resistor with the motor, or 
both. The set-up is shown in Fig. 2. Note that the armature 
resistance Ra is already known, and we add resistors Rg, 
if needed, to limit the armature current |, to a value that 


Js safe for both driver and motor. 


The first thing to do is let the motor run freely and measure 
wax and Imax, and use these values to calculate the ar- 
mature voltage Vax: 


(14) Viwax = Voc — Vsar — Imax (Ra + Re) 


APPLICATION NOTE 


ISJ = dy + 


+5V 


Pie FREQUENCY = ty: wy = 


FIGURE 2. SET-UP FOR MEASUREMENT OF Cu = J/Kryv 
OF A 3-PHASE BRUSHLESS DC MOTOR WITH 


an tu 
P 


INERTIAL LOAD J1. THE MOTOR VOLTAGE Vm = Vcc - Vsar, 


WHERE Vsar |S THE OUTPUT SATURATION VOLTAGE. 


Here Veg is the supply voltage, Vgar is the saturation 
voltage of the driving circuit, and Iyax is the current 
drawn by the unloaded motor at maximum speed. 


Thus we can calculate 
(15) Kry = Max 


(Vsec/rad) 
QMAX 


Next, set the oscilloscope time scale to that you can easily 
read a Hall frequency equal to 63% of wryax, SO that: 


(16) ay = 063 WMAX 


By holding and releasing the motor shaft, take several 
readings of the time Ty required to accelerate from zero 
to wy. Remember that these readings are taken ‘‘on the 
fly;’ since the motor continues to accelerate towards the 
maximum speed wyax. Having obtained a good value of 
Tw you can now caiculate 


(17) Cy = — "mM _ 
(Ra+ Re) 


(farads) 


This completes the RLC equivalent circuit, If the value of 
Ju is also required, it too can be caiculated: 


(18) Jy = Cry Ky 


THE MOTOR’S TRANSFER-FUNCTION 


In the circuit of Fig. 1, Vy is the voltage applied to the 
motor leads, and \j is the actual armature voltage, or 
back EMF. This latter voltage is equal to wyKry, aS we 
have seen, so that if we want to derive an expression 
relating the speed to the applied voltage, we can write: 


a hoy ; 
(19) srr : A (rad/Vsec) 
1 TV 1 


If V, is a constant voltage, the speed wy will also be con- 
stant. This is clear from the circuit of Fig. 1 as well as from 
Our experience with motors. If, however, V, varies 


TOTAL MOMENT OF INERTIA 
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sinusoidaly at some frequency f, the speed wy will vary 
similarly, but the amplitude and phase will in general be 
different from those of the driving function. This fact is very 
important if we are to include the motor in a feedback loop, 
because the motor's contribution to the overall loop gain 
and phase shift is an important factor in determining stabil- 
ity. The motor’s transfer function — i.e. Eq. 19 expressed 
as a function of frequency — gives us a precise descrip- 
tion of how the amplitude and phase behave at different 
frequencies. To do this, we use the variable jw, where 
—1, and w = 2nf. 


j= 


(20) _Va(iw) = (jC) ~! 

Vy (jw) jw? LaCw + jo RaCy +1 
(21) Va (iw) 1 

Vi (jw) (jw)? LaCu + jo RaCut 1 
(22) LaCy = 


2 
On 


where w, is the natural frequency of the circuit. 


RaCula Ra 1 
23) RaCy = ———— =-———- = 
(23) RaCw i Eilat Ow 
since the circuit Q is 
Q= Wrla 
Ra 
Therefore, 
(24) Va (jw) = 1 
Vy (ja) we \, eo, 
Wn Qan 
Furthermore, using Eq. 19, 
(25) wm (jw) 
Vy (jw) 
m7 1 1 
Krv NA 
Wy QW, 


Since we know the values of Kry, w, and Q, we can 

calculate the magnitude and phase angle of Eq. 25 for 

various values of jw. For a given w = w,, Eq. 25 can be 

evaluated into a complex number A, + jB,, whose angle 

iS, 

(26) ©, = tan-? 81 
Ay 


and whose magnitude can be expressed in decibels as 
follows: 


(27) My = 20 logy V AT + By 


A plot of these quantities, using a logarithmic frequency 
scale, is called a Bode plot, and can be a handy tool in 
understanding how the. device will affect the final loop 
performance. 


APPLICATION NOTE 


A DISC - DRIVE EXAMPLE 


A small three phase brushless DC motor, measured as 
above, has the following characteristics: 


Kry = 0.015 Nm/A, or Vsec/rad: 
Ra = 25 ohm 

La = 0.002 Hy 

J = 0.001 Nm seco 


The J value was measured with three magnetic discs 
mounted, and represents the actual value required for the 
application. Using Eq. 11. 


(28) Cy = —~— = —— = 444 fd 
This may seem like an unusually large value for a capacitor, 


but it simply reflects the large amounts of kinetic energy 
that can be stored in the included inertia. 


From Eq. 22 
1 1 
(29) dy) ee 
= 10.61 rad/sec 
From Eq. 23 
(30) Q = wn La S 1061 x 0,002 = 00085 
Ra 25 


(The quality factor Q has no units). The motor transfer func- 
tion, given in Eq. 25, is 


wy (jo) 


= ——____!~—_____—___ (rad/Vsec) 


jo 2 jw 
pS 
1061 0.09 


A calculator that is pre-programed to operate with com- 
plex numbers (HP 28C, for example, or 15C) makes the 
evaluation, of this equation an easy task. With the 28C you 
can set up a USER routine called BODE, as follows: 
<<DEG DUP ABS LOG 20 X SWAP ARG>> 
This_will convert a complex number x + jy into 20 log 
x? +y? at level 2, and arc tan (y/x) at level 1. Table 2 
shows a list of several such computations of Eq. 31: 
Atw = 0, the gain is simply 66.67 rad/Vsec. As w increases 
from zero up, the gain decreases as shown in the GAIN 
column of Table 2. For our Bode plot, we want to show 
the gain relative to the initial, or DC, gain. Therefore, we 
subtract 66.67db from each gain value in Table 2 and plot 
the result. This is the same as plotting only the function 
1 


2h) 
ed + ld +1 
10.61 0.09 


which should be compared with Eq. 31. The results are 
shown in Fig. 3. 


Unitrode Integrated Circuits Corporation 


U-120 


TABLE 2. CALCULATED VALUES OF EQUATION 31. 


w om (io) GAIN | PHASE 
(rad/sec) Vy (jw) (db) | (deg) 
0.03 60 - j 20 36.0| -18.4 
0.3 5.5 - | 18.4 25.7| -73.3 
1.0 0.53 - j 5.95" 15.5| ~84.9 


3.0 0.06 ~ } 2.00 6.0| -88.4 
- 10.0 0 ~ | 0.60 | -4.4| -89.9 


30.0 ~4.2 x 1079 - j 0.20 -14.0| -91.2 
100 ~47 x 1079 -j006 |-245] -945 
300 -45x 1073 -~j002 |-342/-1035 


1000 |-29 x 1073 ~ 43.7 x 1073]-46.6 |- 128.6 


3000 | -7.1 x 1073 - j3 x 1074 |-62.3 |- 157.4 


1 
fo \2, 1 Ly 
10.61 0.09 


PHASE ANGLE — (degrees) 


FREQUENCY — (rad/sec) 


FIGURE 3. BODE PLOT OF MOTOR DATA IN EXAMPLE. 


Note that up to about 100 rad/sec (15.9 Hz) the phase lag 
barely exceeds 90 degrees. The first pole occurs at 
w = 0.09 rad/sec, at which point the phase lag is 45 
degrees. The second pole, widely separated from the first 
in this case, occurs: at a frequency in excess of 1000 
rad/sec, as we can see from the further bend in the phase 
curve, The gain, which was drooping at a rate of -20db 
per decade below 100 rad/sec, now begins to bend 
towards a steeper droop of 40db/dec after the second: pole 
is reached. At very high frequencies, the phase lag will 
reach 180 degrees. : 


Used in a speed control feedback loop, this motor will per- 
form well provided that the user takes this gain and phase 
behavior into account. This is done by incorporating the 
motor transfer function into the overall loop equation, which 
will include other components. One's understanding of the 
motor’s behavior improves with this type of analysis, which 
makes comparisons between different motors more clear 
and articulate. 
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1 MHz 150W RESONANT CONVERTER 
DESIGN REVIEW 


Bill Andreycak 


Abstract: 


This paper is intended to explore in significant detail the intricacies 


of the quasi-resonant half bridge topology. Voltage and current 
waveforms and transferred charge and energy will be analyzed as 
functions of time and input/output conditions. Specific and 
generalized design equations are given, which are also applicable 
to other topologies by those skilled in modern power supply design. 


Introduction: 


The pioneers of resonant mode power conversion have generated 
a.tremendous amount of interest in this new and emerging 
technology and approach to power conversion. Expectations of 
lossless switching and multi-megahertz operation are rapidly 
approaching realization. Given this recent stimulus, a new control 
IC, the UC3860, has been introduced for controlling many of the 
various resonant and quasi-resonant design approaches. 


Despite the differences among the numerous and quasi-resonant 
switching topologies, all have one common denominator--the need 
for a high speed, complete and versatile resonant mode control IC. 
The ideal candidate would incorporate modulator functions or 


building blocks that could be easily configured by the user to control, 


various circuit topologies and implementations. 


This paper will show one application of this resonant control IC ina 
typical power supply design example. Described’ in the text is a 150 
watt off-line converter switching at a maximum frequency of 1 
megaHertz. This results in an effective 500 kiloHertz utilization of 
the main transformer. Delivering 15 volts at 10 amperes, of load 
current, it operates from a 110/220 AC input or from a 220 to 370 V 
dc bus at high efficiency. 

Design Specifications: 


-.An off-line 150 watt, single output design has beén selected as a 
typical application for the purposes of this paper. Several items 
common to most designs will not be highlighted, for example, 
primary to secondary isolation and input filter calculations. However, 
this discussion will concentrate on relevant calculations and new 
material regarding tthe quasi-resonant converter. 


Input Voltage: 

(110 Vac) : 85 — 132 Vac 

(220 Vac) : 170 — 265 Vac 

(DC Input) : 220 — 375 Voc 

AC Line Frequency : 50 Hz min 
Output Voltage: 1 5 Voc 
Output Current: 2.5 — 10 Amps 
Line Regulation: 16 mV 
Load Regulation: 15 mV 
Output Ripple: 100 mV p-p, dc-20 MHz 
Efficiency: 85 % at full load 
Quasi-resonant Circuit Operation 


The quasi-resonant Buck regulator circuit shown in Fig. 1 is 
applicable to high frequency power conversion systems and will be 


dsescribed in detail. Initial conditions are given with the switch Q 
open, and no current flowing from the input source V. The resonant 
current I; is zero and no voitage is acrosss either of the resonant 
components L, or C,. There is an output current /ourand voltage Vout 
delivered entirely by the output filter components Lo, Co and Do. For 
the purposes of this model, assume that each component is ideal. 


Switch Q is closed at time tp applying voltage Vin across the circuit 
input. The input current /i, begins at zero and rises linearly at the rate 
of Vi/L, until it reaches output current lout. 


; Figure 1 - Quasi-Resonant Buck Regulator 


Simultaneously, the output diode current fy which began at four 
linearly decreases to zero. At this point, the input power source is 
supplying the full output current /ou:. This occurs at tiime ti which will 
vary linearly with /out and Viv. During the interval between to and t, 
no resonant current /- flows in capacitor Cy. 


Beginning att; the resonant circuit current component /-sinusoidally 
flows through C,. This adds to the output current, making the input 
current the summation of both. Peak input current occurs at ti+ 
x/(2u). It later intersécts the /out level at tz, corresponding to ti+7 /o 


The sinusoidal input current continues until ts where it reaches zero. 
Here, the switch is opened and turn-off is initiated at zero current 
which facilitates lossless switching. Since t; varies with /ourand Vin, 
the zero current switch point ts varies also with these changing 
parameters. 


A zero current detection circuit can be used to > facilitate turn-off at 
precisely zero current. Another technique utilizes a fixed on time at 
the primary switches. .This time constant is set above the maximum 
required on time of the resonant network over all tine and load 
combinations. While this technique is easier to implement, it may 
compromise overall design at the maximum conversion frequency. 
The inability to switch consecutively at maximum rate hurts 
transformer turns ratio optimization. Higher currents will result due 
to the lower turns ratio, degrading overail efficiency at all 
frequencies. 


During the interval between ts and ta, C, discharges, providing a 
constant current /out to the load. The capacitor voltage decreases 
linearly, reaching zero at t4. 


The output filter section releases its stored energy between t4 and 
ts. The conversion period ends at ts, which corresponds to the 
beginning of the next cycle, to. A detailed analysis of the voltages 
and currents during each interval is provided in the Appendix. 
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Quasi-Resonant Half-Bridge— 
ON Topology Fundamentals and Overview 


Ql The general circuit diagram for a quasi-resonant half bridge 
converter using secondary side resonance is shown in Fig. 3. The 
resonant half bridge portion and its associated waveforms are shown 
in Figs. 4 and 5. 


Transistors Q, and Q2are alternately driven from the control circuitry 
at a repetition rate, or frequency determined by the error voltage. 


lout + Irek) 


lin 
lout 


Vin Ze Q: turns on, connecting the transformer primary across capacitor C, 

. with voltage Vin/2. This rectangular voltage waveform is divided by 
the turns ratio N (Npr/Nsec) and coupled to the secondary side(s) of 
the transformer. Diode D; is forward biased and secondary current — 
lsecflows through Lr; and Dy. This can be expressed as two individual 

lout . components, the "constant" output current fou and the sinusoidal 
fe) current /, through C,. During this interval, D2 is reversed biased and 
2Vin is essentially out of the picture. 


Ver) The secondary current starts at zero at time tp and ramps up linearly, 
reaching fou at ti. Jsec then becomes sinusoidal, peaks at 
Isec(peak,and intersects the output current again at tz. At ts, zero 


ta TT TT current is reached sinusoidally and Q, is turned off. 
tO tl t2 t3 t4 td 


I Peak voltage across C, occurs at te and diminishes during the 
Rare tO tl remainder of the interval ending at ts. When the voltage across C;, 
I tperiop —»| reaches zero, all of its stored charge has been transferred to the 
output load, thus completing the conversion cycle. This process is 
Figure 2 - Quasi-Resonant Waveforms repeated for transistor Qe, resulting in similar operation. 


“SL 


IRF730 ™e Tne 


1N4148 


Mr-ONO4 


\/ e 
sali UC3611 i: IN4148 


pall | se 
tee 


Figure 3 - 150 Watt Off-Line Quasi-Resonant Haif Bridge 
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lout 


Figure 4 - Quasi-Resonant Half Bridge 
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Figure 5 - Primary and Secondary Waveforms 


Half Bridge Advantages and Alternatives 


The thrust towards resonant mode power supply designs has been 
fueled by the demands for higher power densities and high overall 
efficiency. Although several basic topologies deserve consideration 
in this off-line application, the Half Bridge configuration offers many 
key advantages. 


U-121 


Unlike the single-ended forward converters, the half bridge provides 
bidirectional utilization of the tranformer. This eliminates the need to 
incorporate dissipative or complex flux reset mechanisms for the 
main transformer, Also, the primary switched voltage is one-half that 
of its.single ended or full-bridge counterpart, halving the transistor 
voltage rating requirements. 


In addition, the reduced voltage significantly reduces turn-on losses. 

Bear in mind that zero current switches minimizes only the turn-off 

losses. During turn-on, however, the current rises linearly before 

resonance commences, and the half bridge has the lowest turn-off, 
losses of all configurations. 


Transformer size is smaller for the half bridge because the forward 
converter “wastes” half the period with no power transfer while the 
core is being reset. Also, all windings have half the number of turns 
compared to a forward converter approach. This could significantly 
lower the leakage inductance in certain designs where the low 
voltage, high current designs stand to benefit the most. 


Half Wave Resonance: The half-wave resonant mode of operation 
facilitates a unidrectional current flow from the primary to the 
secondary. The major advantages of this can be seen near the 
primary switches. When a reverse current flows through the Mosfet, 
its parasitic drain-body diode conducts, exhibiting slow reverse 
recovery characteristics. To prevent this, the reverse current is 
generally directed to an external fast recovery diode that shunts the 
Mosfet. A Schottky diode must be added in series with the Mosfet 
to guarante that the external diode will conduct. This "elaborate" 
networkis notlossless, and can signifcantly impact the power supply 
overall efficiency. 


Seconday side half wave resonance eliminates the need for these 
components. Reverse current flow is restricted on the secondary 
side of the tansformer by the series rectifiers. Serving a dual 
purpose, these diodes isolate the resonant tank from the primary in 
addition to rectifying the secondary waveform. 


Full wave designs return excess thank energy back to the primary, 
and require bidirectional switches on the primary. One merit, 
however, is that the switching frequency range is fairly narrow over 
various line and load combinations. On the other hand, the half wave 
resonant approach must span a fairly wide range of switching 
frequencies to maintain regulation for the the same input and output 
variations, since all resonant tank energy must be delivered to the 
output. 


SECONDARY 


= vi, PRIMARY Cp 
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Figure 6 - Primary Side Half Wave Resonance 
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Secondary Side Resonance: Secondary side resonance helps , 


minimize transformer size. With the resonant capacitor located on 
the transformer secondary side, the volt-second product depends 
only on the input voitage and transistor ontime. During the remainder 
of the period, or off time, the transformer is not supporting the 
resonant capacitor discharge. Lower core losses are attained with 
this configuration, and are easier to analyze. The waveform is 
rectangular and is a function of input voltage, ontime and switching 
frequency. 


Resonant Control Circuit 
Refer to the simplified block diagram and waveforms of Fig.8. 


Error amplifier: The error amplifier is used to generate an output 
voltage proportional to the error between the amplifier inuts, A 
precision reference voltage is at the noninverting input, while the 
power supply output voltage. is applied to the inverting input. The 
difference between the two is amplified and will respond to millivolt 
changes in power supply. output voltage, providing tight regulation. 
The error amplifier outputis high when the supply output voltage falls 
below its setpoint, and a low amplifier output indicates the output 
voltage is higher than ideal. This variable error amplifier output 
voltage indicates the need for correction to maintain regulation. 


kk Ton *+——— Torr 
}+—-—— Tperion + 


Figure 7 - Secondary Side Half Wave Resonance 


Variable frequency oscillator: This device converts a variable 
input voltage to.a variable frequency output pulse train. Increasing 
input voltage yields an increase in the frequency of the output pulses. 
Regulation of the output voltage is thus obtained over various line 
and load combinations by varying the switching (conversion) 
frequency. The VFO is driven by the error amplifier output voltage 
and is used to trigger the one-shot pulse generator. 


One shot pulse generator: This module generates an accurate 
pulse width, or duration corresponding to the ontime required for the 
resonant tank circuit switches. In fixed on time quasi-resonant 
applications this time constant is set slightly longer than one-half of 
the full resonant period. Another approach utilizes zero current 
switching (ZCS) which turns off the switches at zero current. In this 
application, the one shot is programmed for the maximum circuit 


~ on-time and modulated to facilitate ZCS. 


Toggle flip flop and gating circuitry: Alternating outputs for 
"bridge" applications require a toggle flip-flop to divide the VFO 
frequency by two. This provides out-of-phase drive signals to each 
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of the resonant switches with the proper on-time. In single ended 
applications like the Buck, Forward and Flyback topologies, toggle 
function is not used. 


High power Mosfet drivers: High peak gate currents are required 
to deliver sharp Mosfet turn-on and turn-off transitions. The driver 
accepts low power (TTL) logic inputs and delivers high power (1 to 
3 amp peak) Mosfet gate drive compatible outputs. 


-Zero current switching circultry: Primary current is monitored and 

. used to turn off the one shot-hence the outputs-when zero current 
is crossed. This minimizes the switching losses in the primary 
switches. 


DRIVERS 


PRIMARY. 
CURRENT 


Figure 8 - Control Circuit Fundamentals 


Quasi-Resonant Circuit Limitations 


One obvious circuit constraint is that the peak resonant current 
component /, must be greater than four. Otherwise, zero current will 
not be reached as shown in the figure below. This relationship 
specifies the limits of Viv and Jou of the resonant tank as a function 
of the L,-C, resonant tank characteristic impedance, Z,. 


Increasing the resonant currrent component far above four max is _ 
one solution, but an inefficient one. The primary switch losses vary 
with primary current squared, and techniques to minimize this 
current are required. 


The ideal ratio of the output current Jour to the minimum resonant 
peak current fx) min is unity. This insures resonance at all loads 
while preventing excessively high peak resonant tank currents and 
losses. The resonant component initial tolerances and temperature 
variations need to be analyzed and accommodated by adjusting the 
ratio Of four max to Irn. A twenty-five percent safety margin is used 
in this design corresponding to a ration of 0.75:1. 


The resonant L-C elements are now defined uniquely by the power 
supply output voltage and load current for a specirfic resonant tank 
frequency and current ratio four max to Irpr). 
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NOTE: 


Zero crossing does not occur 
when lout > la ek) 


tl 


Figure 9 - Inut Current - No Zero Crossing 


V 
Iq miny = Zz , OF 2,5 ———-— 
Substituting Zr = wr Lr and Vin= Vsec for secondary resonance, the 
resonant inductor Lr and C, are defined by: 
= 0.75 Veec min 0.12 Vsec min 


1.o-s 
‘ treslout max 


lout max 
2, Cre tf (wl) => .025] (hes *Lr) 


3. Verify. that Z; < Vout / lout max. If not, the ratio of the resonant to 
output current may need to be altered. 


Transformer Turn Ratio 


The transformer turns ratio is-derived by equating the circuit input 
and output volt-second products. A topology coefficient K; is 

- introduced which sepcifies the ratio of the maximum switching 
frequency to that of the resonant tank frequency, It is somewhat 
analagous to maximum duty cycle in a square wave converter. 
Allowing Kt to approach unity in a resonant converter maximizes the 
turns ratio, thus lowering the primary current. 


= Vinton 
tperion 


teerion 


Figure 10 & 11 - Square Wave Buck Regulator 


As switching frequencies approach 1 MHz, diode recovery times and 
Mosfet rise and fall times prevent the topology coefficient from 
reaching unity. In addition, the resonant capacitor requires time to 
discharge into the output load. A K: value of 0.8 is suggested by 
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several of the references listed in the Appendix. The turns ratio can 
now be calculated from the volt second relationship described 
previously. 


The transformer turns ratio N = 


Ky Vin min 
2 Vo 


Accounting for the voltage drops, both the primary and secondary: 


Vo = , Ne 


Ke Vinmin — Vioss pri 

2 Vomin + Vaiode + Vioss sec 

The actual transformer secondary voltage has now been defined by 
Vinpur and the turns ratio N. The conversion period or frequency can 
be extracted from the energy transfer equations in the Appendix by 
substituting Vsec for Viv in the given equations. 


N= 


tres < tconv 


Conversion Frequency 

As the output load current lourand input voltage Vin vary, the control 
circuit adjusts the conversion frequency to maintain a constant 
output voltage, Vour. The maximum conversion frequency will occur 
at low lire and full load, where by design, the frequency equals the 
resonant tank frequency divided by Kt, the topology coefficient. 

K; = feonv max ; 


f feonv max = Ky hes 
Tes 


Minimum frequency will occur at high tine Vin max and light load four 
min which can be estimated by the following relationship: 

Vin min Q 
2NVolo min 


1 I feanv min = Tconv max = 
where 


af 2NLilo : min < Vin min Cr ; alo min 
VIN min N 2hes 


Q 
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Quaai-Resonant Circuit Relationships 
SUMMARY OF APPENDIX1 

Timing relationships: 

to= time when the cycle is initiated 

= Lr * lout / Vsec 

dt21 = 1/cres 

te = t+ dtay 

dtaz = 1/orres x Sin” (lout Zr / Vsec ) 


Vin= HIGH 


‘0 


= CONSTANT 


f [| | | | i 
tO tly tl t2y t3y t3, 


t2. 
Figure 14 - Effects of Line Change on lin 


t3 = t2 + dtao 

dta3 = Vas) Cr / lout 

tg = ta + dta3 

ts = [Vsec Qh /(Vout loud} (approx) 


The charge transferred per cycle, Qt, is approximated by: 
Qt = Lelout 1Vsec + 2Vsec Cr + lout / w 
Design Procedure and Calculations 


The design specifications listed on page 1 will be used for this 150 
watt application. A maximum switching frequency of 1 MHz has been 
selected as a good compromise between the attempts to obtain high 
power density (small size) and high overall efficiency. 


1, Select the maximum switching fequency: 
* feonv max = 1.0 MHz 


This also.determines the resonant tank circuit mequeney using the 
topology conversion coefficient, Kt. 


Kt = foonv max/ tres. Use K = 0.8 
2. Calculate the resonant tank frequency, fres 
fres = foonv max / Kt = 1 MH2/0.8 = 1.25 MHz 
3. Determine the transformer turns ratio, N 
N = Nori / Nsec = Ke Vin min (2 Vout + Vaioae) 

= 5.19 (use 5:1) 


4. Calculate Vin min, the minimum input voltage referred to the 
secondary: 


Vin min = Vs min] 2N = 220V/(2 * 5) = 22V 


The resonant inductor and capacitor values are calculated using the 
minimum input voltage to the secondary. 
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5, Calculate the resonant inductor value, L, 

L; = 0.12V in min/ fres lout max = 176 NH 

6. Calculate the resonant capacitor value, C, 

Cr = .025 / freslout max = 90.9 nF 

7. Calculate and check resonant impedance Zn, 
= (Lr/C,) '? = 1.39Q (yes, < 1.5 ohms) 


CONSTANT 


o| lan | 
tO! tlH t2L|t2H 
t1L t3L~—st3H 


Figure 15 - Effects of Load Change on lin 


The basic sections of the circuit are now complete. Detailed analysis 
of the primary and secondary voltages and currents follow. 


Peak Current calculations: The peak secondary current is 
approximated by : 


Isec pk = lo + Vin/ Zn = lo + Vs/ (2*N* Zn) 
= .072 V. 


The peak current is a function of both input voltage and output 
current, and is graphically shown in Fig. 16. 


The need for high peak current devices in a resonant mode power 
supply is evident from the values shown below, especially compared 
with a square wave converter of similar output power. 


§ 


Ww 
or 


8 


SECONDARY PEAK CURRENT (A) 


Figure 16 - Peak Secondary Current vs. Vin and lo 
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The peak current is a function of both input voltage and output 
current, and is graphically shown in Fig. 16. 


The need for high peak current devices in a resonant mode power 
supply is evident from the values shown below, especially compared 
with a square wave converter of similar output power. 


The peak secondary voltage is: : 
Vs pk = Vs max /2N = 370/2 * § = 37V 


Rectifiers in the secondary circuit need to block at least twice the 
peak voltage, and are typically selected with a much-higher rating. 
Schottky diodes can be ruled out in this 15V output application due 
to their 45 to 90 volt breakdown voltages, so an ultra to hyperfast 
diode is required. A 150 volt, 30 amp (DC) device provides ample 
safety margin. A low capacitance power package is also desired to 
minimize parasitics and power losses. 


rms current calculations: The primary and secondary RMS 
currents can be approximated to a high degree of accuracy by a 
pulsed sinusoidal waveform. The relationships derived in the 
previous section for peak currents, on times and conversion 
frequencies will be used to calculate the RMS currents incorporating 
the following equation. 

2 


| i Ton 
rms = Ipeak 2 Tar 


Figure 17 - rms Current Calculation 


The primary current calculations will use the conversion period of 
1/fconv due to the bidrectional switching of the primary. Secondary 
currents conduct only once per two conversion periods due to the 
bridge arrangement of the secondary windings. Both low and high 
input voltage conditions will be examined at full output load to 
determine worst case conditions. . 


Figure 18 - On Time vs. Vin and-lour 
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The transformer primary wire size will be calculated using the rms 
current components, in addition to thermal considerations of the 
transistor switches and rectifiers. 


Each of the Mosfet switches, secondary rectifiers and transformer 
secondary windings conduct current only once per two conversion 
cycles. This results in a lower rms current through each device. 


) 


TRANSFERRED CHARGE (| 
MICRO COULOMBS PER CYCLE 
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Figure 21 - Calc. Conversion Freq vs. Vin and lout 
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Low Line _ "High Line 
Ieee pk = 26 A lsac pk = 387A 
Ipri pk = 5.2A Ipri pk = 7AA . 
flon=575nS ston = 495. ns 
Tper=1.0us.. .  . Tp = 1.82 us 
rms Transformer Primary Current: 
, Ipri rms = 2.78 A Iori rms =2,72A 
rms Current - Mosfet Switches 
and Secondary Rectitiers: 


fect rms = 9.86 A lrect rms =9.65A 
Imos rms = 1.97 A-Imos ms = 1.93 A 


Timing Considerations: The operation of this quasi-resonant 
circuit has been described.as requiring a variable frequency, fixed 
on time control pulse train. Actually, the on time must be varied to 
facilitate zero current switching with changes in input voltage and 
output current. Using the timing relationships presented earlier, the 
ontime is calculated and plotted for the ranges of Vin and Jour in Fig. 
18. 


Transferred charge: The charge transferred from the primary to the 
secondary per cycle is a function of both Vin and Jou. Using the 
equations presented in the Appendix, the. results are graphically 
represented in Fig. 19. 


For the selected values of Voltage and current shown, the average 


_ change required in voltage or output current per microCoulomb 


transferred havd been calculated. 
Avg dV/uC = 5.935, and Avg dl/uC = 2.086 


The energy transferred per cycle is obtained by multiplying the 
results from the charge calculations by Vin/2 to convert from charge 
to energy, with the results shown in Fig. 20. 


The conversion period is obtained by dividing the energy transferred - 


per cycle by the output power, accounting for an overall efficiency 
near 85%. Conversion frequency, its inverse, is graphically mene 
for-varius input voltages and output currents in Fig. 21. : 


Power Mosfet Switch Considerations 


The power Mosfet selection process must take into account the three 
types of losses incurred: by the high voltage switch. First, and 
probably the most predominant loss contributor is the FET on 
resistance, or Raion). Conduction losses are minimized by using a 


, FET with the lowest Rusjon) obtainable. 


(Watts) 

Generally the low resistanceis attained by parallelingnumerous FET 
cells of higher on resistance, The result is a single high current, low 
resistance device with a large die size, or geometry. This technique 


Pross dae = lori rms 2 Ras (on) 


is great for lower frequency applications where the transition (turn-on 


and turn-off) times are a small percentage of the entire duty cycle. 
Athigh frequencies and especially with high voltages, this paralleling 


scheme introduces many difficulties in minimizing the switching — 


transition losses. 


: Each cell has a finite output capacitance which quickly “adds up" ; 


when many are placed in parallel. The FET output capacitance is 
charged and discharged to the FULL input bulk voltage each cycle, 
contributing losses. At high frequencies, changing to a larger size 
FET could increase the total FET losses, despite having a lower on 
resistance. The incremental gains of lower conduction losses are 
lost to the higher switching losses of the larer capacitance FET. For 
this reason, it is a worthwhile exercise to examine several different 
size FETs over the line and load ranges of this design. 


Pioss ac = 0.5Coss Vin'foon/2 (watts) 


The gate drive power losses are generally negligible with respect to 
the total losses, but can be calculated from: 
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Poss gate = 0.5Vaux Qt feonv /2 (Watts) 


where Q(t) is the FET total gate charge, accounting for the gate to 
source charge plus the Miller effect charge. 


The greatest primary current occurs at full load, which will be used 
for the worst case evaluation of power losses. Both high and.low 
input voltage were used to calculate the ac losses, then averaged. 
The following list is a summary of the total power loss for each Mosfet 
switch in this application. A 100°C junction temperature at the FET 
die was assumed, where the actual on resistance is double that of 
the published specification. Various size FETs have been analyzed 
to compare the ac.and dc losses to select one which exhibits the 
lowest total losses. 


Circuit specifics (at the FET swithces): 

Ipri rms = 1.97A at Vin = 220V, foonv = 1 MHz 
lori rms = 1.93A at 375V, 550 KHz 
Ptotal 


Device Rds Coss Qg Pdc Pac Pg 
ea) : 

” {RF720 3.6 64 20 13.7 1.05. 0.08 14,87 
(RF730 2.0 100 35 7.62 1.57 0.11 9.30 
|RF740 11 210 63 4.19 3.30° 0.19 7.68 
IRF820 6.0 54 19 22.8 0.85 0.07 23.78 
IRF830 3.0 91 32 11.4 143° «0.10 = 12.96 
IRF840 1.7 180 63 647 283 0.19 - 9.49 
IRFP440 (1.7 180 63 6.47 283 0.19 9.49 
IRFP450 0.8 350 130 3.04 5.51 0.39 868.95 
IRFP460 0.54 480 190 205 7.56 0.57 10.19 


The lowest overall losses are obtained with the 740 type devices 
which will be utilized-in this application. This procedure will yield 
different results for-each application, and is a recommended step 
towards minimizing power losses. 


Rectifier Selection 


Evident from Figures 16 and 17 is the need for high performance 
rectifiers to achieve an overall high efficiency power supply. Peak 
secondary currents approach 40 amps, with an rms component near 
14 amps. Due to the high peak reverse voltages of nearly 100 volts, 
Schottky diodes cannot be used as the secondary rectifiers. Even 
the “freewheeling" diode must withstand 80 volt peaks at high line. 


Reverse recovery times must be minimal to prevent reverse current 


from flowing in ‘the primary switches in addition to “enhancing 
efficiency, While the circuit currents are quasi-sinusoidal, the rectifier 
voltage is not. Parasitic inductances and capacitances of the device 
and its package must also be accounted for as part of the resonant 
L-C tank. This implies that the transformer will be designed for a 
lower leakage inductance than the resonant L and external 
inductance will be introduced to obtain the precise. amount. 


The To-247 package will be utilized for two reasons. First, it has 
lower parasitics and is better suited to high frequency applications 
than its To-3 metal case counterpart. Second, itis simple to heatsink 
this flat package, which can be mounted in various configurations. 


Unitrode UES3015S ultrafast 30 amp, 150 volt rectifiers were 
selected for the secondary input diodes. Typical performance 
characteristics are 35 ns reverse recovery times and less than 1 V 
forward drop at 30 A and 125°C junction temperature. The 
“freewheeling” diode used isa Unitrode UES1615S ultrafast type, 
with 16 amp dc capability and a forward drop of less than 0.85 V: It 
too exhibits a. 25 ns reverse recovery time. 


Power dissipation and heatsinking requirements for each device can 
be calculated using the secondary currents obtained previously in 
this power supply design. Snubbing of each diode will be left to the 
prototype stage when any parasitic circuit influences can be 
evaluated. 
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Main Transformer Design 


The transformer design begins with a basic idea of the core geometry 
most applicable to the particular design. -Off-line supplies lend 
themselves to low, wide winding windows, typical of the ETD 
geometry. This window shape provides adequate room to 
accomodate the creepage and clearance distances required for 
international safety specifications, 


Switching of the transformer primary will occur at a maximum of 500 
KHz, and standard ferrite materials will be utilized in this example. 
With numerous choices to consider, the 3C6A material was selected. 


To begin this 150 watt design, a fair estimate is to keep the 
transformer losses around 1% of the total input power, or 
approximately 2 watts. In addition, the transformer temperature rise 
is desired to be less than 40°C for combined copper and core losses. 
Acore size can be approximated knowing that its thermal resistance, 
Ri, needs to be in the neighborhood of 40°C/2W, orless than 20°C/W. 
This is useful as a first iteration to determine the approximate 
operating flux density required. The precise size will be calculated 
using the area product formula for core-loss limited conditions, 
typical in a high frequency power supply. 


P10") 
ae + (Kn f+ Ke f2)°* emt 


where: 


Pin - Input Power = 180 Watts 

K - Winding Factor = 0.163 for half bridge 
f- Transformer Frequency = 500 KHz 
Kn - Hysteresis Coeff. (3C6A) = 1.10° 
Kg - Eddy Current Coeff. (3C6A) = 4.10° 


For this design, the area-product calculates to 0.543 cm’, which is 
slightly less than the smallest standard core size, the ETD-34. 
Because the core volume is slightly larger than required, the actual 
core losses (per cm?) will be lower than first estimated. 


The manufacturers core data lists the thermal resistance of the 
ETD-34 core set as 19°C/W, with a core volume of 7.64 cm?. Several 
methods of dividing the power losses between the core and copper 
can be used. The most common of these suggests an almost equal 
split between the two, allowing slightly more core than copper loss 
if possible. An even division of the total losses between the two will 
be utilized in this design as a first approximation. Later, an evaluation 
of the minimum number of turns and wire sizes may suggest that 
the 50/50 ratio be changed to favorably accomodate fewer turns, or 
less copper. The actual core power density, Pg, is calculated from 
the following equation, allowing a 20°C temperature rise, T,, due 
solely to core losses. 


AP = 


Tr 20°C 
Rr: Vol 19-7.64. 
Referencing the manufacturers data sheet for the 306A material at 


Power Density ==> FZ 


. a power loss density of approximately 140 mW/cm? and a 500 KHz © 


operating frequency, it is determined that an operating flux density 
of 300 gauss (0.030 T) be used. The total flux density swing, AB, is 
twice that, or about 0.060 Tesla. The minimum number of primary 
turns is calculated assuming 5 V primary drops, low line conditions, 
and a cross-sectional core area, As, of 0.971 cm”. 


.., Vpri ton: 10° 
Power Density = AB Ae” 
_ 105-575-10°*-10* 


060-0.971 " (ugeldy” 


. (usei0) 
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A turns ratio N of 5:1 was previously established for this design. 
Minimized !eakage inductance is obtained by "sandwiching" the 
secondaries between the two primary halves. In this example, 
one-half of the primary turns will be wound first, closest to the core 
center leg. Then, the entire secondary is wound directly above the 
primary half. The final winding is remaining primary half, as shown 
in Fig. 22. 


Copper strip or foil will be used for each winding to minimize 
"build-up" which increases the distance between windings, hence 
increases leakage inductance. Ifthe transformer leakage inductance 
is greater than the required resonant inductance, then the 
transformer must be redesigned for lower leakage. 


The required primary and secondary copper cross-section areas are 
calculated using their respective currents divided by 450 amps/cm? 
for alowtemperature rise. Other transformer specifics are calculated 
below. 


Primary current rms current, Ipri rms = 2.78 A rms 
Secondary rms current, Isec ms = 9.86 A rms 
Primary copper area, Axp = I-pri rms /450 


= .0062 cm? 
Secondary copper area, Axs = Isec rms /450 
= .022 cm? 
Pri. inductance, Lori = ALN? = 19QuH 


Sec (half) inductance, Lsec = AINs? = 7.6uH 


The primary conductor area is approximately equa! to the area of an 
AWG # 19 wire, while the secondary area is closest to AWG # 14. 
Eddy current calculations show that the depth of penetration at 500 
KHz is .0106 cm, or about the thickness of anumber 37 AWG wire. 
The most practical technique to minimize the AC loss in a 
transformer windingt is to use copper strip or foil, as in this design. 


‘Its width is determined by the bobbin width and safety creepage 


requirements requirements of 8 millimeters as shown. 


The required 8 mm primary to secondary spacing between winding 
ends will be subtracted from the bobbin width of 2.10 cm, leaving 
1.30.cm (0.51 inch) forthe copper strip width. Allowing for tolerances, 
standard 0.5 inch width foil will be used in this design. The strip 
thickness is calculated by dividing the required copper area by the 
1.27 cm (0.5 inch) width. 


2. 101 cm (.827")——4 
: }*-1.30 cm (0.512”) +} 


“1/2 Primary - 5 turns 
2. copper strip 0.002” x 0.500" _s 


Y 

Y 

Y 

Y 

4 
Secondaries - 2 turns x 2 turns = 4 
—_ == copper strip 0.003” x 0.500” Y 
4 

Y 

4 

4 

Y 

ra, 


“S1/2 Primary - 5 turns. 
2. copper strip 0.002" x 0.500" —3 


+ 0.698 cm (0.275) —> 


g 


Insulating mylar film 
2 mi thick 0.8 in. wide 
between each turn 


FIGURE 22 - Transformer Winding Layout 


Pri thickness = Axp/Width = 6.18°10°9/1.27 
= .00475 cm, or .00187 in 


Sec Thickness = AxsWidth = 2.19°10°°/1.27 
= .01685 cm, or .00663 in 
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APPLICATION NOTE 


Standard 2 mil (0.0051 cm) foil will be used for the primary. This is 
slightly larger than the required thickness of .00475 cm, and is less 
than 1/2 the .0106 cm penetration depth. Secondary penetration is 
from both sides because of the interleaved primary, so the calculated 
secondary thickness should be and is less than twice the penetration 
‘depth. Two paralleled 3 mil foils are used as secondary conductors. 


The resistance and power loss of each winding is calculated from 
the following relationships, based on the resistivity of copper at 
100°C, pou = 2.29 * 10° Q-cm. Total copper and core losses are also 
highlighted, in addition to the toal temperature rise at the maximum 
conversion frequency. 


Pou avg length tum: N 
Ax 


Roni = 2.29 * 10° * 5.99 * 10/6.18 * 10° = 22.2 mQ 
Rsec = 2.29 * 10° * 5.99 * 2/2.19 * 10° = 1.25mQ 
Pioss winding = rns” *R 
Pioss pri = 2.78" * 0222 = 171 mW 
Pioss sec = 9.867 * 00125 = 121.5 mW 
Pioss copper = 2 *0.171 4+ 0.1215 = 0,4635 WwW 
Total power loss = copper losses + core loss 
Protal = 0.464 + 1 (approx) < 1.5 W 
Temp. rise = Rt x Protal = 19°C/W x 1.5W 

= 28.5°C 


Output Inductor Design 


The output inductor will be designed for one amp of ripple current at 
the minimum conversion frequency of approximately 200 KHz. Due 
to the variable frequency operation, the ripple current will change 
inversely with operating frequency, as maximum load occurs, the 
ripple current is at its lowest. This mode of operation helps lower the 
overall losses at full load because with lower ripple the peak current 
that must be switched is less. In addition, it reduces the size of the 
output choke since the peak (DC + AC) and full load (DC) current 
are withinone percent of each other. 


Lo = [(Vout +V diode): * tott max] | Alout 
= 15.8V x 5 us/ 1 A = 80 uH (approx) 


At the maximum conversion frequency and tot min, the output ripple 
current reduces to: 


Alout = [(Vout + Voiode) X tott min} / 80 nH = .08A 


Referring to Section M5 of the Unitrode Seminar Manual, core 
selection starts by calculating the area product: 


Winding resistance = 


~ 1420 - K+ Bmax 
A PQ type geometry has been selected for the output choke 
. application. The core set closest in size to the required area product 
is the PQ 32, which is available in either a 20 or 30 mm height. Of 
the two, the PQ32/20 size will be used because its height is similar 
to the ETD34 core set used for the main transformer. Its magnetic 
area is 1.70 cm*. 


L- Lv lpgdg 10° 10° 
Bax Ae 


80-10-°-10.08-104 
0.30:1.7 


The cores will require gapping to store the required energy without 
saturation. Gap length is calculated from the inductance formula: 


Ig = (Mo Ur N7Ag10~ | L ='0.68cm 


Lo lor 104) 
APA he pat oo | 


Nin = 


using Uo = 4x-10-’and ur = 1(air) 
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Correcting the gap length for the fringing field, a gap of .082 cm 
(.032") should be used. 


Again, copper strip is used to minimize losses. Winding resistance 
and power loss calculations are similar to those of the main 
transformer design, and total less than 1.5W. 

OUTPUT CAPACITOR 

There are two components of ripple voltage which need to be 
considered in meeting the design goal of 100 mV. They are both 
caused by inductor ripple current. The first is simply: 

AVout = DQ / Cout 


For agiven ripple current, this componentis minimized by increasing 
the capacitor value. If this were the only contributor, the minimum 
capacitance required is: 


1 Alou 1 1 
2 2 2fAVout 
This component varies with frequency. At fconv min, 6.25uF are 


needed, but at fconv max (1MHz) only 0.1 uF is required to maintain 
the ripple voltage specification. 


Coutmin 


The second (and usually predominant) ripple voltage component is 
the voltage drop across the capacitor Equivalent Series Resistance 
(ESR) caused by the ripple current of Alout. The maximum ESR 
allowable for 100 mvV ripple is: 


ESRmax = 100 mV / 1.0 A = 100mQ 


The two ripple voltage components do not add directly as they are 
in quadrature. With electrolytic capacitors, the ESR component 
dominates the capacitor selection. The resulting capacitance value 
is so much greater thanthe minimum value required that the AQ/Cout 
term can be ignored. An added benefit of a large output capacitance 
is the improvement in Joad transient capability. 


In this design, two 100 uF electrolytic units were used in parallel to 
achieve an ESR value of 3 to 15 milliohms - a broad range 
necessitated by the difficulty in getting specified high frequency data 
from capacitor manufacturers. 


A final component added to the output filter is a good high frequency 
capacitor to bypass the inductive components of the electryolytics 
and shunt any switching spikes which might get to the output. 
Unitrode "P" type ceramic monolithic capacitors are used for this 
application. Different capacitor types and values can be paralleled 
to obtain a low impendance over a broad frequency range, useful in 
this variable frequency application. 


Gate Drive Circuitry 


The ideal gate drive circuit must deliver sharp turn-on and turn-off 
pulses to the high voltage power Mosfets. This is made possible by 
the UC3860 controller's high speed totem pole drivers. Delivering 3 
amp peak currents, the drivers have typical rise and fall times of 25 
ns into a 1 nF load. 


Half bridge circuits require the use of a bata drive transformer to 
electrically isolate the "high-side" switching transistor from the 
control circuit. Driving both transistors from the same transformer 
180° out of phase offers nearly identical drive signals to each 
transistor. This tends to balance the switching losses and maintain 
a narrower band of the associated transition EMI. 


The drive transformer must have low leakage inductance to provide 
crisp edges during the transitions with little overshoot. This makes 
zener clamps and snubbing circuits unnecessary at the transformer 
outputs. A 0.50" O.D. toroid is used, fitted with three identical 
windings of ten turns each. This helps minimize the transformer 
magnetizing current and maximizes the peak current delivered to 
the FET gates. 


9-254 


APPLICATION NOTE U-121 


PRIMARY 
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COMPARATOR 
OUTPUT 


ONE SHOT 
RC 


OUTPUT 


PRIMARY 
CURRENT 


THRESHOLO 


Figure 23 - Gate Drive Circuit 


Resistors from gate to source at each FET provide a fairly low OUTPUT 
impedance to prevent turn-on during start-up while the IC may still 
be in undervoltage lockout. During regular operation, these resistors 
have negligible impedance. 


On the controller side, the UC3611 quad Schottky diode prevents Figure 24 & 25 - Zero Current Switching 
the ICoutputs from going below ground, avoiding substrate biasing 
problems. A:series resistor limits the peak current to the 3 A rating, 
and the transformer is reset while both outputs are low, between 
cycles. : 


Zero Current Detection and Switching 


The primary currrent is used for two important functions in this 
design, fault protection ans zero current detection. A typical 
configuration is shown in Fig. 26. The generalized circuit starts with 
the use of a current transformer in series with the primary of the 
main transformer to detect primary current. A turns ratio of 1:25 
reduces the switch current to a manageable level. It is full wave 
rectified by 1N4148 diodes (De-Dg) and converted to an appropriate 
unipolar voltage at the current sense resistor, R11. In addition, zero. 
current or zero voltage can be detected by using the UC3860 
uncommitted comparator. Its open collector output can interface with 
the RC on timing pin of the one shot, pulling it below the turn off 
threshold at zero detection. As shown in Fig. 24, this reduces the on 
time of the one shot timer, allowing the Mosfets to switch at zero 
current for high efficiency. 


Implementation reqires shifting the noninverting input between two 
thresholds so that only the falling edge of primary current is an 
acceptable input for switching to occur. (See Fig. 25). This is done 
to prevent a false output from the comparator during the beginning 
of the cycle, where zero current also occurs. Primary current sensing 
will be offset by the resistor divider network Re; and Rig from Viet to 
ground. This is fed into the invering input of the uncommitted 
comparator. 


wD 


Figure 26 - Zero Current Switching Circuitry 
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APPLICATION NOTE 


In Fig. 26, adjustments can be made to provide a comparator output 
justprior to zero current by resistor R20. Propagation delays through 
the IC and drive circuitry, although minimal, can effectively be 
"nulled-out" along with Mosfet delays by this technique. 


The UC3860 Resonant Mode Control IC 


The block diagram of the UC3860 in Fig. 27 displays several key 
building blocks which together provide the functions necessary for 
precise resonant mode control. To begin, the undervoltage lockout 
turn-on and turn-off thresholds are pre-programmed for 17 and 10 
volts respectively and are used in their standard configuration. This 
allows ample time for start-up and bootstrapping to occur in an 
off-line supply while providing adequate Mosfet gate drive voltages. 
The UVLO can also be reprogrammed for other turn-on and off 
thresholds. Also, it functions as an alternate shutdown mechanism. 
While UVLO is invalid, the UC3860 reference voltage output is held 


low, deactivating the internal circuitry. The 1% accuracy 5.0 V . 


bandgap reference is capable of driving ten milliamps maximum 
external loads. 


DSBL 


rc {| 


move [_ | 
emPIni+y | | 
emPin(-)[ | 
sFTSTRT | | 
rstouy [| 
Furie) [| 
Furi) [ | 


Figure 27 - UC3860 Block Diagram 
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The power supply output voltage will be divided down to deliver 3.0 
volts at the inverting error amplifier input for the desired Vou. With 
its high gain-bandwidth of 5 MHz, this voltage type op amp also 
features controlled output voltage excursions. The error amp output 
swings from 0.0 to 2.0 V above the voltage at the VFO /osc input and 
tracks this node over temperature. This mechanism facilitates the 
maximum conversion frequency clamp in addition to the voltage (or 
current) to frequency conversion gain. 


Variable frequency operation commences with the error amplifier 
providing a variable output voltage. This is ttansformedto a variable 
currentatthe VFO variable currentinput, /yfo, Internal circuitry mirrors 
this current to the VFO timing capacitor, Cyo. Maximum frequency 
occurrs at 2.0V/Rvio * Cvo, which coincides with the error amplifier 
upper clamp. Minimum frequency is also programmabie via resistor 
Rm from Vrerto the Mo input. The frequency to voltage gain of the IC 


“in MHZ/V (or GHz/V) is also established by these timing components. 


Additionally, the VFO can be externally triggered and/or disabled at 
the respective input pin accomodations. 


APPLICATION NOTE 


Fixed on-time pulse widths are generated by the programmable 
one-shot timing circuit. An RC network is charged by an internal 
source at the onset of a cycle, then self discharges during the 
on-time. This occurs between the precise thrsholds of the one-shot's 
comparators. On-time can easily be shortened by an external in 
fluence used to discharge the RC components below the 
comparator's turn-off threshold. This architecture simplifies 
interfacing with various forms of zero voltage or zero current type 
switching. The output of the UC3860 uncommitted comparator is an 
open collector which can interface directly to the one shot (RC) 
timing pin. 

Programming the VFO and One-shot: 


Let Cvto = 330 pF, Coneshot = 330 pF 
fax = 1.05. MHz, fmin = 200 KHz 


1. fax = 2V/Rvio Cvto ; 
Ryfo = 2/(1.05MHz * 330 pF) = 5.772 


2. fmin = 1V/Rm Cyto ; 
Rm = 1/(0.2MHz * 330 pF) = 15.5 kQ 


3. ton = 0.22 * Ron * Con ; 
Ron = 600ns/(0.22 * 330 pF) = 8.26 kQ 


The output from the one-shot feeds another programmable module, 
the toggle flip-flop. Logic selection at the Output Mode pin either 
alternates the outputs for the dual-ended configurations, or unifies 
outputs A with B for single ended applications. As Vrerbecomes valid, 
the toggle flip-flop is always steered towards the A output. While this 
may be of little concern in some designs, a predictable sequence of 
events upon power-up is always facilitated. 


Each totem-pole output is specified for 3 Amp peak drive pulses, 
sufficient to insure abrupt transitions at the Mosfet switches. When 
operating in unison, a 6 A peak current is obtained. Rise and fall 
times into a 1 nF load are typically 20 nanoseconds. As seen in 
previous high power |C’s, the totem pole power ground is terminated 
through a separate pin which isolates its power ground noise from 
that of the IC’s signal ground. . : 


Soft start is accomplished by limiting the amplifiers output voltage to 
that of the soft start pin, typical in most IC controllers. An internal 5 
microamp current source from V,er pulls up on the external soft start 
capacitor, which gradually increases the conversion frequency upon 


start-up, as opposed to widening the pulse width in conventional. 


PWMs. 


Fault protection and management circuits included in the UC3860 
are fully user programmable. A fault comparator which has both 
inverting and non inverting.inputs is used to drive a programmable 
sequence latch. The operation of this latch is controlled at the 
programmabie Restart Delay (RST DLY) pin, and has three unique 
modes. First, it can be oriented to latch the outputs off until. UVLO 
or Vecare toggled, similar to firing a shutdown SCR. Secondly, it can 


FAULT 
COMPARATOR 


Ss 
E 
Q 
Te 
E 
N 
Cc. 
E 


Figure 28 - Fault Management Programming 
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be used to cease operation until the fault input is removed from the 

comparator, then recommence operation. The third and most 
popular mode is‘often referred to as "hic-cup" mode. After receiving 
a fault, the outputs are turned off for a programmed time interval 
called the restart delay. Operation is then resumed, provided of 
course that the fault was removed. Implementation only requires a 
capacitor from RST DLY to ground. 


DELAYED RESTART 
“HICCUP” 
iol 


NO. RESTART DELAY 
“INTERRUPT 


| Figure 29 - Fault Management Waverorms 


Closing the Loop 


There are several gain stages in the quasi-resonant control toop, 
and each will be examined to obtain. good closed loop circuit 
response. The block diagram below displays the various gain 
stages. : 


Error Amplifier: A reference voitage is applied to the noninverting 
input of the error amplilfier, and the power supply output voltage, 
through a voltage divider, is applied to inverting input. The error 
amplifier (E/A) output is commonly referred to as the error voltage 
Ve, which is an amplifier signal corresponding to the deviation of the 
power supply output voltage from the desired level. The 
compensation network is designed last, after analyzing the other 
loop gain contributors. It will provide adequate phase margin.at the 
desired zero dB crossover point to ensure circuit stability. 


Figure 30 - Control Loop Block Diagram 


9-257 


APPLICATION NOTE 


The varying E/A output voltage Ve is used to gnerate a variable 
current to the VFO current input pin, A7o. As this current is varied, so 
is the power stage conversion frequency. A higher Ve corresponds 
to a higher conversion frequency. These values are designed to 
track each other over temperature, and a linear voltage to current 
transformation can be assumed. The voltage to current gain into the 
VFO equals the 2 volt maximum output swing of the error amplifier 
divided by the VFO input resistor. 


Variable frequency oscillator: The variable frequency converter 
stage accepts an input current at the ‘7 input and generates a 
proportional output frequency. The gain of this stage is programmed 
by the E/A output voltage with the /7o input resistor and the VFO 
mening capacitor, Cvio. The VFO output frequency is approximated 
by: 

fose = Iwo /Cvto, and fmax = 2V/(Rvto * Cvto) 

The minimum frequency is programmed by a resistor from Vrerto the 


io input, and the transformation of the‘error ‘amplifier output voltage 
to frequency is quite linear. 


Error amplifier voltage swing = 2 Volts 

feonv = 2Z00KHz min = 1. MHz max ~ 

VFO gain: 

Gvio = A800 kHz / A2 V = 0.4 MHz/V 

Power stage: The small signal gain of the power stage is 
approximated by analysis of the charge transferred at various line 
and load combinations. An assumption is made that the power 
switch on time is constant, and any changes in frequency directly 
effect the off time, or resonant capacitor discharge time. In addition, 


both Viw and Jou are assumed to be constant during the interval of 
interest. 


Based on the relationship that the energy into the resonant circuit, 
W, equals the output power multiplied by the conversion period: 
W:= (Qin Vsec / 2) = Power * tconv 

= Vout Tout / feonv 


' therefore: | 


A Vout = feonv W/ lout 
This term is assumed constant for the interval of interest. 


Tabulated below at several points of interest are the values for the 
values for the power stage gain, from the results ofa previous section 
in this presentation. The gain (in volts per MHz) varies significantly 


~ over the input and output ranges and the highest value will be used 


to approximate the worst case conditen. 


Vin lout Win foonv Gain Gain 
secV A uJd/cye kHz V/MHz dB 

22 2.5 50 450 9.0 19.1 
38 2.5 140 180 10.1 20.1 
22 5 60 730 8.76 18.9 
38 5 160 320 21.4 26.6 
22 75 78 900 19.3 25.7 
38 75 185 450 226 27.0 
22 10 91 1000 19.1 25.6 
38 10 205 560 236 27.5 


The worst case value of 23.6 V/MHz will be used for the power stage. 
Multiplying this by the VFO gain of 0.4 MHz/V results in a combined 
gain Vou Ve of 9.44 (19.5 dB). 


Output Filter Section: The output filter response is defined by: 
Lout = 80 wH; Cout = 200 uF 

Rout = 1.5 Q min to 10 Q max 

ESR = 2 to 10 mQ - 
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"VFO & POWER STAGE GAIN (+19.5 db)| 


OMBINED GAINS! | (Odb) 


OUTPUT FILTER [\y 1 (—14db) 
ATTENUATOR — -— 


1K 10K 100K 1MHZ 
FREQUENCY (HZ) 


Figure 31 - Gains vs. Frequency 


1 


—_————— = 1.25 kHz 
2x (Lout Cou” ) 


Pole frequency = 


ESR Zero= = 79.6 ~ 398 kHz 


1 
2nCour ESR 
The output voltage divider shifts the level of the 15 V output to the 
required 3 V error amplifier input, resulting in a gain of -14 dB. 


Compensating the quasi-resonant converter: The generalized 
approach to this compensation is to place the first pole at a low 
frequency, typically arond one hertz. Two zeros are then introduced 
at approximately the output filter break frequency to compensate for 
its two pole rolloff. A second pole is place at a fairly high frequency 
to roll off the loop gain in a predictable manner. Unlike: their 
predecessors, the newer control Ics rarely run out of gain bandwidth 
and require this high frequency pole. ; 


Most of the previously described elements can be lumped together 
into one gain vs. frequency Bode plot of.everything except the error 
amplifier, as shown in Fig..31. The VFO, power stage and level 
shifting voltage divider have gains that are independentof frequency, 
and are easily combined. The output filter section response is then 
multiplied’ by the combined gain of the previous calculation. One 
curve now depicts the entire loop response from the error amplifier ; 
output to its input. 


The desired characteristic of overall loop including its zero dB 
crossover frequency can be shown ina Bode plot, as in Fig. 32. The 
E/A compensation network will include two zeros near the output 
filter break frequency to cancel these two poles. Assume for now 
that the high frequency pole of this circuitry will be around or above 
the overall zero dB crossover point. The required error amplifier 
response can now be approximated graphically from the curve and 
points plotted. 


PWR STAGE, ATTENUATION 
& OUTPUT COMBINED * 
—~ — = PWR STAGE & 


GAIN (db) 


ATTENUATOR 
—— = LOOP GAIN 
—— — = ERROR AMP 


1 
K 


FREQUENCY (HZ) 


Figure 32 - Closed Loop Elements 


8 
o 
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APPLICATION NOTE 


= LOOP GAIN 

— — — = LOOP PHASE 

-200.0 — 1_t ie 
1 


1 
K 


Figure 33 - Loop Gain and Phase 


R3 C, 3V 


Figure 34 - E/A Compensation Newtork 


In this example, two zeros will be introduced in the error amplifier 
response near the output filter break frequency of 1.25 kHz. A pole 
is located near the zero dB crossover point at 50 kilohertz. The actual 
gain and phase obtained in the overall loop is given in Fig. 33 - 


The error amplifier with its compensation network is shown in Fig. 
34. It provides high gain at low frequencies and good transient 
response. ~ 


Zero 1:1 (2 xRiC1) 
Zero 2: 1/(2tR2C2) 
Pole 1: 1/(2nR3C1) 
Max Gain: R2/(Ri & Ra in parallel) 


Input impedance is the parallel combination of Ri, Ra,and Rg 
The compensation network is designed to produce: 

Zero 1 and Zero 2 at 1.24 kHz 

Pole 1 at 70 KHz 

> 55 dB loop gain at 50 kHz 

Using the previous equations and solving: 

R; =6.08K Re = 78.1K R3 = 100Q 

Cy = 22 nF Co=1.7nF 


From the Bode plot of the closed loop response, the supply is 
compensated to cross 0 dB at approximately 35 kHz, with ample 
phase margin. 


Power Supply Performance 


This 150 watt power supply was evaluated while being exercised 
over various line and load conditions, and exhibited excellent 
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regulation. Response to dynamic loading was well within reasonable 
limits with little overshoot. Short circuit input current is extremely low, 
due to the programmed restart delay time constant of 50 
milliseconds and soft start of 5 milliseconds. 


High efficiency (above 80%) is achieved over the operating ranges. 
This is quite respectable for a high frequency, off-line power supply. 
The power stage was constructed on a double sided printed circuit 
board used for a precious high frequency example (1.5 MHZ current 
mode) in 1986. 


The control circuit is constructed on the Unitrode UC3860 
development PC board. The utilization of a ground plane precedes 
all circuit layout in megaHertz switch mode power designs, and is 
incorporated here. Coaxial cable interconnects the gate drive, 
current sense and output voltage signals between the control and 
power boards. Observation of the circuit waveforms requires the use 
of a UHF type scope probe socket, or chassis socket. Any length of 
ground or hook-up wire will distort the true waveforms. 


Summary 


Above several hundred kiloHertz, the square wave converter may 
not be optimal for off line designs. Losses associated with switching 
high voltages at high currents substantially reduce efficiency, power 
design and generate much EMI. The need for an alternative solution 
have resulted in various resonant and quasi-resonant approaches, 
each witih a unique set of merits, applications and control circuit 
requirements. 


' The UC3860 controller has integisited the numerous specific 


functions and "building blocks" required for resonant and 
quasi-resonant topologies. Configuration for fixed on-time, variable 
frequency operation is straightforward, and other adaptations are 
easily made possible. The uncommitted comparator interfaces well 
with zero current type switching arrangements. Thye UC3860's high 
speed logic, high power outputs and fault protection circuitry 
combine for an ideal mix of brains, brawn and speed. 
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APPLICATION NOTE 


Resonant Circuits-“Rust Remover” and Appendix 


The abrupt transition from conventional square wave conversion to 
a resonant or quasi-resonant approach can be softened by a review 
of certain fundamentals. Fig. A1 shows the sine and cosine 
waveforms along with the timing 


2 nT 3n/2 2n 


}-—— PERIOD —-__—~} ; 
Figure A1 - Sine, Cosine Relationships relationships 


* Switch closed at time t = t@ 


* Switch closed at time t = tO 


Frequency = w/2n 

Tperiod = 1/f = 2x/w 

More specific to power conversion, a series resonant LC network 
driven by a DC voltage source is presented with its corresponding 
waveforms and equations in Figs. A2 and A3. 


w = 1/(LC)"*, Zr = (LIC)? 

ipk = Vin / Zr . 

i= ipx sin(wt) = Vin sin(ot) / Zr 
Vi = Vin cos (wt) 

Vo = Vin[1-cos(ot)] 
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t= @ nl2 2  3ni2 
Figures A2, A3 - Series Resonant Circult 


Resonant circuit timing relationships and waveforms: The 
waveforms of a series resonant, parallel loaded circuit will be 
analyzed in detail and used to generate the relationships between 
time, current, charge and energy transfer in a a resonant circuit 
application. Specifically, the buck topology will be used in this 
example, which can be applied to other topologies and 
configurations. ; 


The cycle is initiated at time to Switch Q1 closes, delivering a 
rectangular voltage waveform ‘to the resonant circuit. The input 
current rises linearly to /our at a slope equal to Vin. It reaches the 
constant output current level /ou at time t;. The time for this to occur 
is A10 = (ty-to). During this interval, all resonant inductor current is 
directed to the output and none delivered to the resonant capacitor, 
Cr. 


At to: 

lin = 0, ict = O, Ver = 0 
From to to ti, 

lin= Vint / be 

At th, fin = lout 

Atio = Llour/ Vin 


At time ty, the input current equals the fixed current four The resonant 
Lr & C; tank components begin their resonant cycle at zero current, 
and the input current rises sinusoidally to its peak of fou + viWZr, It 
will later intersect the output current /ow again at time te 
corresponding to 1/2 the resonant tank period, x radians. 
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At ti: ; 

lin = lout, icr = 0, Ver = O 

From ty to te: 

lin = lout + (ViniZ,)sinco(t-t1) 

Ater = w/n = 1/(2f) = 1/n(LC,)"? 

jor = sy sin (tt) 4 

Ver = Vin (1-cos o(t-t1)) 

Once the input (inductor) current crosses lout.at time te it continues 
sinusoidally until it reaches zero at.time ts. At th is point, switch Q; 
is turned off to facilitate zero current switching. The time required to 


reach zero current from four is A382, and depends upon the amplitude 
Of fourand Vin. 


t(O) t(1) (2) (3) (4). ter 


2Vin 
Vr 


IN 
@ 


Ver 


t(O) t(1) t(2) t(3) t4) teen 


Figures A4, A5 - Quasi Resonant Buck Converter 


At to: 
lin = lout, ir = 0, Ver = 2Vin 
From te to ta: 


Atye = ‘ sin” 


toutz, 
Vin 


; Vin. 
iin = lout + sin «(t-t) 


z 
Ver = Vin(1-cos c(t-ti)) 


The resonant capacitor voltage vc; discharges linearly during the 
interval of At43, beginning at time ts. The capacitor voltage and At43 
are determined from the following equations: 


At ts: 

iin = 0, icp = O 

From ts to ta: 

Ver = Ver(ta) - four(t ~ t3)/Cr 
Atag = Crees) / lout 


Evident from the previous equations is the need to vary the output 
ontime to respond to the various line, load and resonant tank circuit 
influences. 
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Vin= HIGH 


lo = CONSTANT 


| [betes ol 
tO tl 12 t3L_ 13H 


Figure A6 - iin, ton V8. Line Variation 


to tl t 
har Ales Matas! 
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Figure A8 - Charge Transfer 


The conversion frequency or repetition rate at the input switch is 
approximated following some intermediate calculations for total 
energy transfer from input to output, as follows: 


Charge Transfer in the Resonant Circuit 


During each resonant cycle a specific amount of charge (Q) is taken 
from the input supply and transferred to the output load. The 
corresponding energy (watt-sec) transferred is simply the charge (Q) 
multiplied by the input voltage Viv. This relationship will be used to 
approximate the conversion frequencies required to regulate an 
output voltage for various ranges of input voltages and output 
currents. 


The input current waveform will be divided into four specific intervals 
to simplify the calculations. The charge transferred in each interval 
will be calculated by integrating the current waveform throughout the 
interval. 


Qa. The charge transferred during the time interval from.to to t: is 
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calculated from the equation for the area of the triangle formed: 
Ati.o = Llo/Vin 
Qa: = Aty-ob/2 = Liou /(2Vin) 


Qb: During this resonant half-period, the sinusoidal portion of the 
input current waveform is integrated over the interval t; to te. 


jin > lout = (Vin / Z,)sin or(t-ti) 


Qp= Yw fF sin ((t-t))at 


Qp = MIN f cos i 
z lo 


1/Zrw = Cr 
“.Qb = 2ViIN Cr 


Qe: The rectangular area of charge delivered to the output during 
interval t; to te is: 


Qe = lout A t21, where At2y = n/o 
Qe = lou jo 


Qd: The sinusoidal current decreases from /our to zero during the tz 
and tg interval. The charge transferred is calculated by subtracting 
the sinusoidal component from the rectangular region formed by four 
and ts. 


{3 
Qd = lout A t32 + Ir f sin (w(t-t))at 
t 
Vin 
| Qd = lout A 82 - Zo cos6} | 
Qd * lout A t2 - Vin C; [ cos (1 + @ A tea) - Cosma] 
A tea = (1) sit” (lout Zn 1 Vin) 


For practical purposes, this area can be repesented by a linear 
approximation without a significant compromise in accuracy. The 


a wAt32 
1 + 


Unitrode Integrated Circuits Corporation 
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area formed by loutAts2/2 is a reasonable estimate of the area, 
resulting in approximately 1% error in the total charge transferred. 


Qd ~ lout Atsa/2 = (1/20) lout SiN” (lout Zn / Vin) 

Qt: The total charge transferred from the input to the output per cycle 
is the summation of charges Qa through Qd. 

Qt = Qa + Qb + Qc + Qd 


Llout n lout four. 4 loZn 
7 2Vin + 2VinGr+ (0) * 2 Vin 


The approximation made to simplify the calculation of charge Qd 
also allows the substitution of charge Qa for Qd, thus reducing the 
total charge transfer to the following. 


Qt = 2Qa + Qb + Qe 


2 
Qhs Llou + 2VinC, + lout 
Vin o 


Energy Transfer During the Resonant Cycle 


The energy per oycle, W, can be calculated by multiplying the input 
voltage Vin by the total charge Qt transferred from the input to the 
output. Dividing the energy per cycle W by the output power Pou 
unveils the conversion period - the inverse of the switching 
frequency. : 


Qt 


Wlcycle Vin Qr 


t 
on Pout Vout lout 


Vin 
Vout lout 
Vin 
Voutlout 


(Qa + Qb+ Qc+ Qd) 


(2Qa + Qb+ Qc) 


Vin {brow Tout 
Voskal Ue 2 Oe 


Toonv = 
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ABSTRACT 


Anew family of integrated circuits is introduced. Devices from 
this family implement the necessary architecture to control a broad 
range of resonant mode converters. Key features in the areas of 
switch timing, fault management, and soft-start technique are 
unique to this family. Individual devices are customized to handle 
off-line or DC to DC, single-ended or dual-switch, zero-voltage-or- 
current-switched configurations. Specific application to three 
different resonant mode converters is mentioned. 


SURVEY OF EXISTING CONTROL 
INTEGRATED CIRCUITS 


Since 1986, interest in resonant mode power conversion has 
exploded in the technical conferences. IC makers have been quick 
to respond with offerings of control ICs. Table 1 is a list of chips 
available at the present time. To simplify thinking, the first three 
parts listed are essentially the same design as arc the last two. There 


Fault LJ Fault 
3V 0 Logic 

and 
Precision 

Soft-Ref (_] Reference 

Ni = 

INV [_ 

E/AOut [{_] 

Range L_} 

Rmin Ld 

Cvco |_| 

Zero = 

0.5V 
RC Zz 


are significant differences in features and. performance levels 
between the three groups. However, a common operational 
philosophy is shared by all: fixed-pulse-width variable-frequency. 
This approach has been applied to zero-current-switched (ZCS), 
quasi-resonant mode converters with reported success. 


Table 1. List of Resonant. Mode Control ICs 


LD405 
GP605 
CS3805 
UC3860 
MC34066 
CS360 
Bias & 
5V Gen g LJ 5V 
[J Gnd 
UVLO 
|_} Vee 
| FET OutA 
Drivers —] out B 
[_] Pwr Gnd 


Figure 1, Controller Block Diagram 
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NEW FAMILY OF RESONANT MODE 
CONTROL INTEGRATED CIRCUITS 


As the discipline is maturing, the advantage of some feature 
changes has become apparent. Versatility to control both ZCS and 
zero-voltage-switched (ZVS) converters is needed. The ability to 
control proper switch times (on or off) with changing line, load, or 
component values is needed. To address these needs, a family of 
controllers based on a common silicon die has been developed. 
Three members of the family, the UC1861, UC1864, and UC1865 
will be covered in detail. 


The common block diagram of the family is illustrated in figure 
1, These parts feature an error amplifier (E/A), voltage controlled 
oscillator (VCO), one shot timing generator with a zero wave- 
crossing detection comparator, steering logic to two output drivers, 
a 5V bias generator, and under voltage lockout (UVLO). A latched 
fault management scheme provides soft start, restart delay, and a 
precision reference. 

Die options can be produced that give different UVLO levels, as 
well as different output properties. There are two UVLO options. 
The first, suited for off-line operation has thresholds of 16 and 10V. 
While UVLO is active, Icc is less than 0.3mA. The other option is 
8 and 7V, to accommodate lower input voltage DC/DC converters. 


The flavor of the outputs required by different resonant mode 
topologies requires the steering logic to be configured specially for 
each application. The basic options that can be built allow for single 
or dual switch drive, and controlled on or off times. Zero-current- 
switching applications require controlled. switch on times while 
‘zero-voltage-switching applications require controlled switch off 
times. Figure 2 shows these options. 


One Shot 1 T 1 T 
singezes .__ J LJ Los Le 
Single ZVS Fr eh > aye ae 
(UC1864) : 

bisizes> Poa) Lee Le 
(uc1865)  B _ Foe —— 
puizvs A LH J L__ 
(UC1861) 


Figure 2. Output Drive For Different Converters 


Tabie 2 details the options implemented in the 1861, '64, and 65. 
Other options can be built from the same die. 


Table 2. Implemented Options in the 1861, °64, °65. 


Device UVLO Vth Outputs Zero-(?)-Switching 
UCi861 16/10V Dual Voltage 
UC1864 8/7V Single Voltage 
UC1865 16/f10V Dual Current 
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PRIMARY CONTROL BLOCKS 


The fundamental control blocks essential for a majority of 
Tesonant mode converters are an error amplifier, VCO, one shot 
timing generator, and output stage to drive power mosfcts. 


ERROR AMP & VOLTAGE 
CONTROLLED OSCILLATOR 


Figure 3 details the E/A and VCO. The E/A output directly 
controls the VCO via the Irange generator. The VCO has inputs for 
two resistors, R and R_. , and one capacitor,C. . R_. and 

ange. min vco min 
Cuco determine minimum frequency. 


F_= 3.6 (1) 
min Rin *C 


) 


vco’ 


Clock 


F igure 3. * Error Amplifier and Voltage Controlled 
Oscillator 


When the output of the E/A is less than or equal to one diode drop 
above ground, the VCO operates at minimum frequency. The E/A 
output can go as high as one diode drop below SV. When at this 
potential, the VCO frequency is at its maximum. 


Fos 3.6 : (2) 
max (R___ IR. *C 
min 


ange vco 
Usable maximum frequency tops out around 1.5MHz. The 
Frequency range is the difference in equations 2 and 1. 


36 (3) 
R. *¢€ 


ange vco 


AF = 
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Since the nominal E/A output swing is approximately 3.6V for 
full variation in VCO frequency, the gain of the VCO block is 


dFdv = ——! _ (4) 


Cc 
‘ange ‘veo 


In ZCS power supplies, an increase in frequency will correspond 
to an increase inthe converter's output voltage. For these 
applications the E/A non-inverting input is‘connected to a reference 
voltage while the output voltage sense is fed back to the inverting 
input. For ZVS power supplies, a decrease in frequency 
corresponds to an increase in output voltage. For these systems, the 
inputs to the E/A are exchanged. 


The common mode range of the E/A is from zero to 6V. This 
feature allows zero volts to be a valid reference voltage applicd to 
the E/A. Soft start, covered later, takes advantage of this feature. 


ONE SHOT TIMING REQUIREMENTS 


The basic premise in resonant mode conversion is packets of 
energy delivered at varying repetition rates. Each energy packet 
dictates a basic switch on or off time, hence the one shot timer. In 
ZCS systems the switch is on. In ZVS systems the switch is off. The 
timer, then, should force the switch to conform ‘to the resonant 
timing of the tank cireuit.. It is this conformancethat achieves zero 
stress switching. 


L = 16.4 pH Load 0 to 1A 


Line 
100 
to 
150V 


[e = 3.16nF 


Figure 4. ZCS Resonant Tank Example 


For purposes of convenience, .a simplified ZCS resonant tank is 
presented to illustrate the timing requirements of resonant 
converters in general. This is an example, not a rigorous theoretical 
presentation. It does, however, demonstrate the problems to 
overcome in properly controlling a resonant mode converter. The 
circuit of figure 4 is designed to operate from line inputs of 100 to 
150V and 0 to 1A load current. The tank frequency is arbitrarily 
selected to be 700kHz. A reasonable first guess for tank impedance 
is determined by 


Z= Viowline (5) 


oT * 1.386 
max 
= 72ohms. 
From the equations governing resonant tank natural frequency 


and impedance, L and C can be calculated. 


Fe —lL =700kHz . (6) 


°  anV LC 


‘Zo= {i =72ohms (7) 
Cc : 


_ U2 
L Zz. 164 pH 8 
= Sap oe @) 
oO 
: 3.16nF 9 
~ onZF o 
oo 


Figure 5 shows the pertinent current and voltage waveforms for 
the case of 125V input and 0.8A output. When the switch closes at 
zero time, the current starts to build linearly. Once the current 
reaches 0.8A, then load current is completely supplied through the 
inductor and D2 carries no current. At this point in time the L and 
C resonate together until inductor current returns to zero. At this 
lime the switch is allowed to turn off, but it doesn’t necessarily have 
to. D1 prevents reverse current in the switch. It isn’t necessary to 
open the switch until the capacitor voltage decays to line voltage. It 
is acceptable to open the switch any time during this “switch 
window”. If it is opened too soon, the circuit will suffer severe 
switching losses: If itis not opened, the tank will resume resonating, 
as shown by the dashed curves. If the switch is opened later than the 
switch window, not only will the circuit suffer switching losses, but 
the transfer function becomes overly complex. 


Line = 125V 

Load = 0.8A 

L=16.4 nH 

C=3.16nNF 
Linear 


KK’ Discharge 


Capacitor 
Voltage % 
(X100(V)) o 


Inductor — 
Current 


(A) 


2.5 


2.0 
1.5 
1.0 


0.5 


i) 0.5 1.0 1.5 2.0 


Figure 5. Typical Resonant Tank Waveforms 


The graph in figure 6 plots the switch window as a-function of 
load current for both high and low line voltage. For example, at a 
load current of 0.5A and high line, the switch must be closed for at 
least 0.80us and need not be opened until 1.61us. Examination 
reveals the most stringent switch window, 1.03 to 1.21us, occurs at 
low line and full load. Furthermore, this window is a subset of all 
other windows. This might lead to choosing a fixed on-time of 
1.12us under the assumption that it is relatively easy to build a fixed 
lime one-shot circuit with total variations less than +/-8%. 
However, further considcration will lead to a different conclusion. 


In order to insure that the example in question can be produced; 
the variations of the resonant components and the possibility of 
output overload must also be examined. This example continues by 
assuming total variations for the capacitor are under 10% while 
under 20% for the inductor. A 20% overload is also allowed. 
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Time Figure 7 shows the valid switch windows at 1.2A and 100V for 


(us) nominal component values as well as the four tolerance corners. 
Several observations can be made. Firstly, the window for the case 
of +20% inductor and -10% capacitor variations has zero tolerance. 
Time 
(18) 


1.5 Component 
Tolerance: 

1.4 : 

L+20% - 

1.3 

C+10% 

1.2 


11 


Y 
Y) 
‘5 ZA ‘tea = t00¥ 


L(-)C(-) LE)C#) = NOM = L(+)C(-) L(+)C(+) 


Load Current (A) : Figure 7. Switch Window vs Component Value 


Figure 6. Minimum/Maximum Switch Time vs Load 
Current Clock One Shot Pulse 
(Resonant Time) 


5V 


Clock | J l j | J 


(Internal) 


Vth2 
RC Vth1 


One Shot J ar LJ Le 


Zero 
Minimum eae Controlled 
Pulse Pulse 


” Figure 8. One Shot Timer. 
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The switch must turn off at 1.30us. This is because the tank 
impedance is exactly the ratio of low line voltage to overload 
current for these component values. This is the source of the 1.386 
factor in equation 5. Secondly, and the point of the illustration, there 
is no possible value of fixed switch time that accommodates 
component variation. 


ONE SHOT TIMING GENERATOR 


In figure 8, details of the one shot timer are seen. The clock signal 
from the VCO sets the latch, blanks the output, and causes the RC 
timing pin to be discharged. The timing pin determincs the 
minimum and maximum times the one shot output will be high. 


Tax Z R*C (10) 
Te 0827 (11) 


Between these two limits, the zero detect comparator will 
terminate the one shot pulse whenever the Zero pin goes below 
0.5V. By sensing the zero crossing of the resonant waveform, the 
one shot adapts to different resonant component values and varying 
linefload conditions. The switch time will properly track the 
resonant tank assuring zero stress switching. 


STEERING LOGIC & OUTPUT STAGE 


Figures 9, 10, and 11, are block diagrams of the steering logic and 
output stages. Each output stage is a totem pole driver optimized for 
driving power mosfet gates. Gate currents of 1A can be obtaincd 
from each driver. Note the 1864 single driver is actually both 
drivers on the chip paralleled. Sample waveforms for the three 
configurations were shown in figure 2. 


Fault and UVLO response of the three configurations is identical. 
These indications always force both drivers to the low state. During 
UVLO, the outputs can easily sink 20mA irrespective of Vcc. 


One Shot 


Fault 
Latch 
UVLO 


Figure 9. UC1861 Steering Logic 


9-267 


U-122 
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One Shot Vcc 
Fault 
Latch Out A 
UVLO 
,Out B 
sPwr 
Figure 10. UC1864 Steering Logic ‘Gnd 
: a eee 
One Shot ;Vcc 
sOutA 
,Out B 
Fault 
Latch Pwr 
UVLO ‘Gnd 
Figure 11. UC1865 Steering Logic 
SECONDARY BLOCKS 


The secondary blocks on board are UVLO, a SV bias generator, 
and fault management with a precision reference. The purpose of 
the 5V generator is to provide a stable bias environment for internal 
circuits and up to 10mA of current for external loads. The one shot 
timing resistor connects to SV. 


UVLO senses both Vcc and 5V. It doesn’t allow operation of the 
chip until both are above preset values. When Vcc is below the 
UVLO threshold, the 5V generator is off, the outputs are actively 
pulled low, the fault latch is set, and supply current is less than 
300uA. 


SOFT START, RESTART DELAY, 
PRECISION REFERENCE 


A novel combination fault management and precision reference 
is shown in figure 12. One pin is dedicated to a fault sense 
comparator with a 3V threshold. A second pin does triple duty 
providing soft start, restart delay, and precision system reference. 
UVLO initializes the latches, forcing the chip output(s) to be low 
and the Soft-Ref pin to be discharged. After UVLO, Soft-Ref is 
charged by an internal 0.5mA current source until is it clamped at 
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Soft-Ref 


UVLO. 


Fault 
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Force 
Output(s) 
Low 


$=0 
R=0.5mA 


Output(s) YYyygyz3. a A FAA LA3iR(5L.@jbwv_w_pjp50JjwHey 


Soft-Ref 


5V 
4v 


0.2V 


Figure 12. Fault Comparator, Soft Start, Restart Delay And Precision Reference 


5V. The soft start time is approximately given by: 


Tyonstan 7 Cer * LOkohms. (12) 


The recognition of a fault causes the outputs to be driven low and 
the Soft-Ref pin to be discharged with a 20uA current source. This 
is the restart delay period. When Soft-Ref reaches 0.2V, the outputs 
are enabled and the pin is recharged by the 0.5mA current: If a fault 
should occur before completion of the charge cycle, the outputs are 
immediately driven low, but the Soft-Ref pin is charged to 4 Volts 
before the 20uA restart delay current discharges the pin. The restart 
delay time during continuous fault operation is: 


T = C, * 190kohms. (13) 


The ratio of restart delay to soft start is 19:1. If shorter restart 
delay times are desired, a resistor of 20k or larger can be added from 
Soft-Ref to ground. The timing equations then become: 


o,f 48mA * Rar) -0.2 ) (14) 
Teottsan = Ree * Ce * I ((0.48mA * Rsr) - 5 


Time 
(ms) 
200 


Restart Delay Time 
150 


100 
Cyn = 1nF 


5s Soft Start Time (=10ms) 


0 


20k 50k 100k 200k 


500k 1M 2M 
Restart Delay Resistance (Q) 


Figure 13. Soft Start And Restart Delay Times 
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(20uA * Rsr) +4 (15) 
T. =R_*C * In (ox asysi3 ) , 
restart ‘sx sr 


(20uA * Rsr) + 0.2 
Soft and restart times are plotted i in figure 13 for C, = luF. 


The restart feature can be defeated by the addition of a 100k. 
resistor from Soft-Ref to SV. In this configuration, a fault detection 
will permanently shut down the converter until either Vee is 
recycled and UVLO resets the fault circuit, the 100k resistor is 
opened, or Soft-Ref is externally pulled to ground. The soft start 
time becomes: 


“ Tyotistan 


C,, * 9.2kohm. (16) 


The Soft-Ref pin is the system reference pin. By ramping the 
reference from zero during soft start, te converter output will 
follow the ramp up under closed loop control. This technique 


allows controlled starts for both ZCS and ZVS systems with no_ 


significant overshoot. 


The reference characteristic of the Soft-Ref pin is due to a 
trimmed 5V zener-type clamp circuit. Fifteen ohms resistance 
separates the’ Soft-Ref pin from the clamp to eliminate zener 
oscillations for any external capacitance value. The clamp zener is 
designed to tolerate loading of +/- 200uA without degradation of 
reference accuracy. Loading, however, will alter the soft start and 
restart delay times,’ and could even preclude restart delay action 
unless care is taken in the design. 


a 


Figure 14, ZVS-MR Forward Converter Controlled By UC1864. 
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DC/DC ZVS SINGLE ENDED FORWARD 
CONVERTER APPLICATION 


A ZVS multi-resonant forward converter based on previously 
reported (ref. 4) work is shown in figure 14, An 1864 is used to 
control the converter. A 22k resistor from the input line is used to 
start the circuit, which boot-straps power from the output to the chip 
after start-up. Before start-up, the-chip draws less thar, 300uA and 
starts operating when Vcc reaches 8V. After start-up, the 22k 
resistor dissipates 70mW. 


The switch voltage, V, is sampled with a 100K/5. 1k divider 
network, The chip anticipates zero crossing when V, = 10V. In this 
power converter, switch voltages of 200 to 300V are to be expected. 
Apnpis used to clamp the zero voltage, Vz to prevent damage to the 
chip. The 100k resistor represents an insignificant load to the 
resonant circuit. 

' The paralleled outputs are connected, as good practice dictates, 
to the mosfet gate with a small-valued resistor. A schottky diode 
parallels the output pins to protect the chip from negative voltage 
spikes that might result from parasitic ringing in the gate circuit, 

This power stage was demonstrated to have excellent short 
circuit tolerance when the minimum switching frequency is well 


controlled. For this reason, the fault input is not used. 


Sensed output voltage is scaled & presented to the non-inverting 
pinof the E/A. The inverting input is DC referenced to the Soft-Ref 


100k 


Vs 0 


5.1k 
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Figure 15. ZCS Off-Line Half-Bridge Converter With UC1865 


pin, 5V. The compensation network shown represents zero DC load 
to the Soft-Ref pin. As long as C,, is much larger than the feedback 
capacitor, then soft start behavior will be essentially as described in 
equation 12. 


OFF-LINE ZCS HALF-BRIDGE 
* CONVERTER APPLICATION 


AZCS off-line half-bridge converter (ref. 1) with an 1865 control 
IC is shown in figure 15. Irrelevant details in the converter have 
been simplified. The wide UVLO hysteresis and low start current 
of the chip have been used in start-up. A single resistor from the 
high voltage bus is used to start the circuit which then sustains itself 
from output voltage. 


This circuit samples resonant current with transformer T1. 
Rectified secondary current, converted to an analog voltage, is 
applicd to the fault and zero inputs of the 1865. Excessive current 
in the resonant tank willeffect a shutdown and restart. The resistor 
between current sense transformer and the zero pin is to limit 
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Figure 16. ZVS Half-Bridge Converter 


APPLICATION NOTE 


current when the signal is at a high valuc. The allowable voltage 
range at the zero pin is zero to 9V, and resistive current limiting to 
Jess than ImA is sufficient. 

The half bridge power mosfets are transformer driven from the 
differentially connected output drivers of the 1865" A UC3611 
schottky diode array has been used to prevent the outputs from 
being forced too far above Vcc or below ground. 


The E/A non-inverting input is directly connected to the Soft-Ref 
pin to take advantage of all three features of the pin. This 
emphasizes the simplicity of application of the 1865 to this 
converter. 


OFF-LINE ZVS HALF-BRIDGE 
CONVERTER APPLICATION 


An off-line ZVS half-bridge converter (ref. 3) is shown in figure 
16. An 1861 controls this converter in much the same manner as 
the two previous examples and is not shown here. The error amp 
configuration matches the ZVS example while the output stage is 
configured like the ZCS example. 

This application does, however, present a difficulty in sensing 
zero voltage to control the one shot. In the first ZVS example, the 
voltage waveform was ground referenced and unipolar. The ZCS 


V+ 


Zero pin 
on UC1861 


Vs 


Figure'17. Zero Voltage Sensing Scheme For 
ZVS Half-Bridge Converter 
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example had bipolar current, but a transformer and diode bridge 
conditioned the signal for the chip. In this example, zero switch 
voltage needs to be sensed for both Q1 and Q2. This poses no real 
problem for Q2. QJ is another story. Some form of external 
circuitry must be employed to sense Q] and transfate the 
information to the ground referenced chip. 


Aneasily implemented high voltage comparator circuit is shown 
in figure 17. The pnp and diode are the only high voltage 
components used. The circuit dissipates only 300mW. The output 
of this circuit.is applied dircctly to the zero input of the 1861. 


CONCLUSION 


A new family of integrated circuits to control resonant mode 
converters has been introduced that provides several improved 
features over those previously available. This family has parts that 
are suited not only to zero-current-switching, but also to zero- 
voltage-switching converters. The 1861, 1864, and 1865 are suited 
to off-line .ZVS, DC/DC single ended ZVS, and off-line ZCS 
systems. Controllers for other specific converters can be built from 
this family. Adaptive control for resonant tank component 


_variations as well as varying line and load conditions is inherent in 


the chip duc to its zero crossing detect circuitry. A unique one pin 
approach to soft start, restart delay, and system reference provides 
adjustable restart delay to soft start time ratios as well as closed loop 
control during soft starts. Relative ease of application to’ three 
previously reported converters was discussed. 
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‘CONTROLLING ZERO VOLTAGE SWITCHED 
POWER SUPPLIES 


BILL ANDREYCAK — 
UNITRODE INTEGRATED CIRCUITS 
MERRIMACK , N.H. 


ABSTRACT 


Recent advancements in resonant and quasi—resonant power conversion technology propose alternative 
solutions to a conflicting set of square wave conversion ‘design goals; obtaining high efficiency operation 
at a high switching frequency from a high voltage source. Today, the conventional approaches are by far, 
still in the production. mainstream, however an increasing challenge can be witnessed by the emerging 
resonant technologies, primarily due to their lossless switching merits. The intent of this presentation is to 
unravel the details of zero voltage «switching via a comprehensive analysis of the timing intervals awith a 


specific emphasis on the control IC requirements. 


INTRODUCTION 


The. concept of quasi-resonant, "lossless" 
switching is not. new, most noticeably patented by 
one individual [1] and publicised by others at 
various power conferences,[2,3] Numerous efforts 
focusing on zero ‘current switching ensued, ‘first 
perceived as the likely candidate for tomorrow's 
“generation of high frequency power 
converters.[4,5,6,7,8] In theory, the on-off transitions 
occur at a time in the resonant,cycle where the 
switch current. is zero, facilitating zero current, 


hence zero power switching. And while true, two . 


obvious concerns can impede the quest for high 
efficiency operation with high voltage inputs. 


By nature of the resonant tank and zero current 
switching limitation, the peak switch current is 
‘ significantly higher thani its square wave counterpart. 
In fact, the peak of the full load switch current is a 
minimum of twice that of its squarewave kin. In its 
off state, the switch returns to a blocking a high 
voltage every cycle. When activated by the next 
drive pulse, the mosfet output capacitance (Coss) is 
' discharged by the fet, contributing a significant 
power loss at high frequencies and high voltages. 
Instead, both of these losses are avoided by 
implementing a zero voltage switching technique. 
[9,10] 
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ZERO VOLTAGE SWITCHING 
OVERVIEW 


Zero voltage switching can be considered as 
conventional square wave power conversion during 
the switch on-time with ‘“resonant" switching 
transitions. Similar to constant off-time converters, 
the conversion frequency, or on-time is modulated 
in order to maintain regulation of the output 
voltage. For a given unit of time, this method is 
analagous to fixed frequency conversion which using 
an‘ adjustable duty cycle. The foundation of this 
conversion is the volt-second product balancing of 
the input and output: It is virtually identical to that 
of square wave power conversion, and vastly unlike 
the energy transfer system of its electrical dual, the 
zero current switched converter. 


During the OFF-TIME of the ZVS converter’s 
switch, the L-C tank circuit resonates. The voltage 
across the switch initially traverses linearly from 
“zero” to Vin, then resonantly to its peak, and back 
down again to zero. At this instant the switch can 
be reactivated, and lossless, zero voltage switching 
facilitated. Since the output capacitance of the 
mosfet switch (Coss) has been discharged by the 
resonant tank, it does not contribute as power lossin 
the switch. Therefore, the mosfet transition losses 
go to zero - regardless of operating frequency and 
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input voltage. This represents a significant savings 
in power, and results in a sustantial improvement in 
efficiency. Obviously, this attribute makes zero 
voltage switching a suitable candidate for high 
frequency, high voltage converter designs. 
Furthermore, the technique of zero voltage 
switching is applicable to all switching topologies; 
the buck regulator and its derivatives (forward, half 
and full bridge), the flyback and boost converters, to 
name a few. 


ZVS SWITCH WAVEFORMS 


ACTNATION [on] _OFF ON OFF ON 


VIN 


Val =VcR 


Figure 1. 


ZVS BENEFITS 


** Zero power "Lossless" switching transitions 

** Reduced EMI / RFI at transitions 

** No power loss due to discharging Coss 

** No higher peak currents than square wave 
systems - unlike Zero Current Switching 

** High efficiency with high voltage inputs 
- independant of conversion frequency 

** Can incorporate parasitic circuit and component 
inductance and capacitance 

** Reduced gate drive , no "Miller" effects 

** Short circuit tolerant 


ZVS DIFFERENCES 


_** Variable frequency operation (in general) 
** Higher off-state voltages in single switch, 
unclamped topologies 
** Relatively new technology (learning curve) 
** Conversion frequency is inversely proportional 
to load current 
** A more sophisticated control IC may be required 
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CONTROL CIRCUIT 
FUNDAMENTALS 


Requirements for the Zero Voltage Switching 
generation of control ICs differ immensely from 
that of the more traditional pulse-width modulator. 
In fact, the two are direct opposites regarding the 
control circuit implementation in many respects, 
with similarities existing only amongst the 
housekeeping and gate drive attributes. | 


“ERROR AMPLIFIER 

The core of variable frequency operation focuses 
upon the error amplifier (E/A). The power supply 
output voltage (Vout) is sensed, compared to a 
reference input and the difference is amplified by 
the gain of the error amplifier. The resulting error 
voltage (Ve) signifys the need for the control circuit 
to respond to a change in the power supply’s output 
voltage, typically caused by a line or load variation. 
This error voltage drives a voltage controlled 
oscillator (VCO) which decreases the conversion 
frequency with increasing error voltages, as 
required. An ideal amplifier should feature a high 
slew rate for fast transient response in addition to 
high gain-bandwidth for high frequency applications. 


VOLTAGE CONTROLLED OSCILLATOR 

The voltage controlled oscillator needs to 
incorporate three programmable functions to satisfy 
the ZVS control circuit requirements; minimum 
conversion frequency, maximum _ conversion 
frequency and the voltage-to-frequency gain of the 
VCO. Programmability should request a minimal 
amount of external components for typical ranges in 
operating frequencies extenting into the megaHertz 
sector. 

ONE-SHOT TIMER 

The VCO output clocks the one-shot circuitry 
which generates the off-time for the ZVS switch. 
While a fixed off-time is generally associated with 
these ZVS converters, the "real" off-time can vary 
significantly. In most applications, a three-to-onc 
variation in off-time is not uncommon, and 
necessary to accommodate the resonant components 
initial accuracies, temperature effects, line and load 
range combinations. A preferred approach is to 
program the maximum off-time at the one-shot and 
modulate it with a true zero voltage detection 
circuit, To state it quite simply, a fixed off-time 
control technique can NOT guarantee optimal zero 
voltage switching over all operating conditions. 
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ZERO VOLTAGE DETECTION ‘RESTART DELAY 
A zero crossing detection circuit is incorporated Once a short circuit or overload on the power 
in the UC 1861/64 family of devices to implement supply output has’ been detected, the IC controller 
"true" zero voltage switching. A precision threshold needs to perform ‘several functions. First, turn the 
of 0.5 volts is compared to the ICs ZERO input, a output(s) off as quickly as possible (nanoseconds) to 
representation of the switch drain-to-source voltage. prevent a catastrophic failure of the supply. Second, 
When the falling edge of this waveform crosses the the outputs should remain off for a programmed 
threshold, the ZERO detection comparator forces restart delay interval, one designed long enough to 
a change in the one-shot status, terminating its allow operation into a short circuit for extended 
output. Numerous arrangements of . external periods of time (forever) without failing. Often 
components provide the flexibility to adapt this called "Hiccup", this mode will subsequently restart 
feature to a wide range of ZVS switch topologies the controller’s output(s) in soft start under full 
and applications. The drain-to-source voltage can be fault protection once the restart delay period has 
resistively scaled to the proper levels in high voltage concluded. 
applications, and offset above ground in low power CLOSED LOOP START- UP 
usages. A preferred method to start or restart a power 
system is under full closed-loop control. The soft-ref 
PROTECTION CIRCUITRY feature of the UC1861/64 controllers is intened to 
SOFT- START be used as the reference input to the error amplifier 


to facilitate closed loop start-up. Rather than simply 
‘clamping the output of the error amplifier as in a 
converntional PWM, this soft reference configur- 
ation controls the increasing power supply output 
voltage until regulation is attained. Additionally, 
only a single IC pin and one capacitor is used to 
provide both soft start and restart delay with user 
programmable fault management options. 


Upon power-up the ZVS switch should start 
operation at the maximum conversion frequency, 
corresponding to the maximum switch off-time for 
an effective zero "duty" cycle. As the soft start 
circuitry lowers the conversion frequency the switch 
on-time starts at zero.and gradually widens, 
increasing the effective duty cycle hence output 


power. 
UC 1861 / UC 1864 BLOCK DIAGRAM 
: Bi : i 
al a Fault pe [—] sv 
3V e Logic : 
and 
: : Precision L_| Gnd 
Soft-Ref L_ Reference . : 
“UVLO 
NI LJ [__.] Vee 
INV i 
E/A Out L_] 
Range [J 
{__} OutA 
Rmin (C1 vco aes 
Drivers +t] outB 
Cvco | 
Zero z= [J Pwr Gnd 
0.5V 'e 
RC = ; FIGURE 2. . 
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ZVS - QRC FORWARD CONVERTER : DESIGN EXAMPLE AND PROCEDURE 


TIMING INTERVALS 
AND DESIGN EQUATIONS 


A zero voltage switched: Forward converter will 
be used to develop the design equations for the 
various voltages, currents and time intervals 
associated with each of the conversion periods 
which occur during one complete switching cycle. 
The circuit schematic, component references, and 
rélevent polarities are shown in figure 3. 


A valid assumption is that the output filter 
section consisting of output inductor (Lo) and 
capacitor (Co) has a time constant of several orders 


ZERO VOLTAGE SWITCHED 


VIN 


T2 1:100 


FIGURE 3. 
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of magnitude larger than any power conversion 
period. The filter inductance is large in comparison 
to that of the resonant inductor’s value (Lr) and the 
magnetizing current (delta ILo) as weil as the 
inductor’s DC resistance is negligible. In addition, 
both the input voltage (Vin) and output voltage 
(Vo) are purely DC, and do not vary during a given 
conversion cycle. Additionally, the transformer is 
also ideal with a turns ratio of 1:1, thus allowing the 
simplification of this circuit to that of a Buck 
regulator. Last, the converter is operating in a 
stable, closed loop configuration which varies the 
conversion frequency in order to regulate the output 
voltage (Vo). 


FORWARD CONVERTER 


Lo VouT 


ILR 


2N2907 
10K 


SCHEMATIC DIAGRAM 
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INITIAL CONDITIONS: t < to 


The analysis will begin with the switch (Q1) 
ON, conducting a drain current (Id) equal to the 
output current (Io), and Vds = VCr = 0 (ideal). In 
series with the switch (Q1) is the resonant inductor 
and the output inductor, also conducting the output 
current (Io). The voltage across the output inductor 
equals the input to output voltage differential; 
VLo = Vin - Vo. The output filter section catch 
diode is not conducting and sees a reverse voltage 
equal to the input voltage; VDo=Vi, observing the 
polarity shown in figure 3. 


Q1 is ON , Vds = VCr =0; 

Id = ILr = ILo = Io 

Do is OFF, VDo = Vin; IDo = 0 
ILr = Io ; VLr =0 

VLo = Vin - Vo; ILo = 


CAPACITOR CHARGING STATE 
Timeinterval: t0 <t< tl 


The conversion period is initiated at time 10 
when the switch is turned OFF. Since the current 
through the resonant inductor and output inductor 
cannot change instantancously, and no drain current 
flows in Q1 while it is off, the current is diverted 
around the switch through the resonant, capacitor. 
This constant output current of Io will linearly 
increase the voltage across the resonant capacitor 
until it reaches the input voltage (VCr = Vin). 
Since the current is not changing, neither is the 
voltage across the resonant inductor. 


At time t0 the switch current "instantly" drops 
from Io to zero. Simultaneously, the resonant 
capacitor current snaps from zero to Io, while the 
resonant inductor current and output inductor 
current remains constant and equal also to Io over 
the duration of this span from tO to tl. Voltage 
across the output inductor and output catch diode 
is linearly decreasing from time tO to t1 due to the 


linearly increasing voltage across the resonant. 


capacitor, Cr. This interval ends at time t1 when 
VCr equals Vin, and the output catch diode starts 
to conduct. 


Q1 is OFF; Id=0; Vds(t)=VCr(t) 
ICr(t)=Io; VCr(t)=[Io * t] / Cr 
ILr(t)=Io; VLr=0 

VDo(t) = Vin - [Io * t]/Cr 
VLo(t0) = VDo - Vo 
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RESONANT STATE 
Time interval: tl <t < t2 


The resonant portion of the conversion. cycle 
begins at time tl when the voltage across the 
resonant capacitor equals the input voltage, and the 
output catch diode begins conducting. Current 
through the resonant Rompenenl at time tl equals 
the output current. 


The stimulus for this series resonant L-C 
circuit is output current flowing through the 
resonant inductor prior to time ti. The ensueing 
resonant tank current follows a cosine fuction 
beginning at time t1, and ending at time 12. At the 
natural resonant frequency (Wr), each of the L-C 
tank components exhibit an impedance equal to the 
tank impedance, Zr. Therefore, the peak capacitor 
voltage and peak OFF switch voltage is a function 
of the tank impedance and the load current. 


Of great importance is the ability to solve the 
equations for the precise switch off-time which 
varies with line and load changes. While some 
allowance does exist for a fixed off time technique, 
the degree of latitude is insufficient to accommodate 
typical input and output variations. 


The absolute maximum duration for this interval 
occurs when 270 degrees [(3/2) * Pi * Wr ] of 
resonance is required to intersect the zero voltage 
axis. This corresponds to the limit of resonance as 
minimum load and maximum line are approached. 


Prior to time tl, the catch diode was not 
conducting. Its voltage was linearly decreasing 
from Vin at time 10 to zero at t1 while the input 
source was supplying full output current. At time t1, 
however, this situation changes as resonance is 
initiated, diverting the resonant inductor current 
away from the output filter section. Instantly, the 
output diode voltage changes polarity as it conducts, 
supplementing the decreasing resonant inductor 
current with a diode current, extracted from stored 
energy in the output inductor. The diode current 
waveshape follows a cosine function during this 
interval, equalling Io minus ICr(t). 


Vds(t)=VCr(t)=Vin + {Io*Zr*SIN[Wr(t-t1)}} 
ILr(t)=ICr(t)=Io*COS[Wr(t-t1)] 
VLr(t)=[lo*Zr*SIN[Wr(t-t1)] 
IDo(t)=Io-IL1(t) 
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ZVS FORWARD WAVEFORMS INDUCTOR CHARGING STATE 
Time interval: t2 <<t <3 


To facilitate zero voltage switching, the switch 
is activated once the voltage across the switching 
device and the resonant capacitor has reached zero, 
occurring at time t2. During the interval from 2 to 


vous? o (3, the resonant inductor current is linearly returned 
; from its negative peak of minus Io to its positive 
level of plus Io. 
The output filter section catch diode conducts 
Vos(o1) during this interval, continuing to freewheel the full 
Vcr output current, and clamping one end of the 
ey? Be resonant inductor to ground through the output 
diode. The voltage across the resonant inductor is 
Icr equal to Vin - VDo resulting in a linearly rising 
(Sa) ® resonant inductor current along with a linearly 
decreasing catch diode current. Energy stored in the 
output inductor is providing the output power to the 
Io (o1) load during this interval. 
(Sa) @ 
A noteworthy peculiarity during this timespan 
can be seen in the switch drain current waveform. 
At time t2, when the switch is turned on, current is 
(gs, @ actually returning from the resonant tank to the 
: input source, Vin. An interesting diversion is. that 
the switch can virtually be turned on at leisure 
Vio during the first half of the t2 to t3 interval at any 
(ov) =@ time without interfering with normal operation. A 
seperate time interval could be used to identify this 
a region if necessary. 
(Saac) @ : 
ILr(t)=ID(t)= -Ilo+[(Vin+ VDo)/Lr]*t_ .t2<t<13 
VLr=Vin+VDo 
IDo(t)=Io-ILr(t) — t2<t<13 
mi VS ILo=lo ; = - Vo+VDo 


Vo 
(SOmvac) @ POWER TRANSFER STATE 


Time interval : t3<t <t4 


Once the resonant inductor current has 
reached the output current at time t3, the zero 
voltage switched converter resembles that of a 
conventional square wave power processor. During 
the remainder of the conversion period, most of the 
pertinant waveforms approach DC conditions. 


With switch Q1 closed, the input source is 
supplying the output current, and the output filter 
inductor voltage equals Vin minus Vout. Both the 
switch current and resonant inductor currents are 

FIGURE 4. equal to the output current.The output. catch diode 
voltage equals Vin, and no current flows. 
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In closed loop operation where the output 
voltage is in regulation, the control circuit essentially 
varies the on-time of the switch during the timing 
interval between t3 and 14. Variable frequency 
operation is the result of modulating the on-time as 
dictated by line and load conditions. Increasing the 
ON time duration, or lowering the conversion 
frequency has the same effect as widening the duty 
cycle in a traditional square wave converter.The 
conversion frequency is inversely proportional to 
output load. 

Vds=Io*Rds(on) ; Id=Io 
VLo=Vin-Vo; ILo=Io 
VDo = Vin 


TIMING INTERVAL SUMMARY 


dtl0 = (Cr * Vin ) /lo 

dt21 = (Pi/Wr) + (1/Wr)ARCSIN[Vin/(Io*Zr)] 
dt32 = (2*Io*Lr) / Vin 

dt43 = (Vo*dt30) / (Vin-Vo) 

where dt30=dt10+dt21+dt32 


and the conversion period (tconv)= 
dt40=dt10+dt21 +dt32+dt43 


CONTROL CIRCUIT PROGRAMMING 


Determination of the range of required ON and ; 


OFF durations of the control circuit is necessary 10 
program the UC3864s VCO and one-shot timer. 
Equally as important is the need to analyze these 
variations to accommodate changes in line voltages, 
load currents, component initial tolerances and 
temperature effects. Once obtained, the minimum 
and maximum operating frequencies define the 
VCO timing component values. Additionally, the 
one shot timer is programmed for the maximum on- 
time, and modulated by the ZERO detect circuitry 
to facilitate true zero voltage switching. [ 9 ] 


OFF - TIME 

The OFF-TIME of the switch and controller 
includes the linear charge and resonant intervals 
which begin at time t0 and end at time 12. 
toff = t10 + (21 
MAXIMUM OFF - TIME 


The maximum off-time is used to program the one- 
shot timer which corresponds to : 
t off max = dtl0 max + dt21 max 


U-123 


t off max = [1 + (1.5 * Pi)} / Wr 
= 0.909 / Fres 


MAXIMUM CONVERSION FREQUENCY 


The maximum conversion frequency occurs as 
both the switch ON-TIME and OFF-TIME go to 
their minimum value. For the circuit to remain 
resonant, the inductor charging interval limitations 
must be satisfied, therefore dt32 cannot go to zero. 
However, the power transfer interval, dt43, can, 
although the output will be out of regulation. [10] 


MINIMUM ON - TIME 


ton MIN = dT32 MIN + dT43 MIN 
= I/( Pi* Fres ) = 0:318/ Fres 


The conversion period (t40) is the sum of the 
four timing intervals and equal to the ON plus OFF 
times of the switch. The conversion frequency, 
Fconv, is the reciprocal of the conversion period. 


f conv = 1/ tconv = 1/. t40 


Both minimum and maximum conversion 
frequency need to be calculated to program the 
UC3864 VCO, a task best performed by a personal 
computer. The program should accommodate 
component initial tolerances, diode and switch 
voltage drops versus output currents, in addition to 
the temperature effects on all. 


ZVS FORWARD CONVERTER 
DESIGN SPECIFICATIONS 


A lowvoltage DC/DC converter design has been 
selected for the purposes of generalization and 
simplicity. Each of the previously listed equations 
will be utilized to determine the circuit specifics and 
can be altered by the user to accommodate circuit 
and device losses. A resonant tank frequency of 500 
KiloHertz will be incorporated as a compromise 
between high frequency operation and minimal 
circuit and device parasitic interference. The 
maximum conversion frequency of this design will 
approach that of the resonant tank , but never 
exceed it in normal operation. 


SPECIFICATIONS 
Vin = 18 to 26 VDC 
Vout = 5.0 

lout = 2.5 to 10 ADC 
Fres = 500KHz 
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INTERVAL DURATIONS : t10 - t43 
VARIATIONS WITH LINE & LOAD 


. VIN=18 VIN=26 
10=2.5 10=10 [0=2.5 IO=10 . 

(Ch) oe “ 
dT10 0.217 0.055 0.314 0.078 
dT21 1.29 1,06 149 = 1.08 
dT32 0.93 3.72 0.64 2.58 
dT43 1.39 6.68 0.78 1.78 
Teonv 3.83 11.51 3.23 3.52 
Fcon 310K. 181K 


ee et oe ta 


SWITCH DURATIONS (uSec) 


Toff 
Ton 


1.51 
2.32 . 


1.80 
1.42 


111 
10.4 


1.16 
4.36 


The ZVS Forward converter gain in kiloHertz per 
volt of Vin (KHz/V) and amp of Iout (KHz/A) can 
be. evaluatated over the specified ranges. As 
summary of these follows. 


AVERAGE d(Fconv) / d(Vin) vs Iout 


Io 2.5A SA 715A 
dF/dV 11.250 11.8 = 11.75 


10A 
10.25 - 


Average d(Fconv) / d(Vin) = 11.26 KHz/V 


The highest gain of 11.87 KHz/V_ occurs near full 
load. 


AVERAGE d(Fcony) / d(Io) vs Vin 


Vin 18 20 22 24 
dgF/dI = 23.3 22.1 20.5 . 188 


26 
17.3 


AVERAGE dF/dI (KHz/A) = 20.4 
The highest gain of 23.3 KHz/A occurs at Vin min. 


It may be required to use the highest gain figures 
to compensate the control loop for stability over all 
_ Operating conditions. While this may not optimize 
the loop transient response for all operating 
loadiines, it will guarantee stability over the the 
input and ouput variations. , 
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PROGRAMMING THE CONTROL CIRCUIT 


ONE - SHOT : ACCOMMODATING 
OFF - TIME VARIATIONS 


The switch off-time varies with line and load by 
approximately +/- 35% in this design example using 
ideal components. Accounting for initial tolerances 
and temperature effects will result in an much wider 
excursion. For all practical purposes, a true fixed 
off-time technique will NOT work as previously 
mentioned. Incorporated into the UC3861 family of 
ZVS controllers is the ability to modulate this off- 
time. Initially, the one-shot is programmed for the 
‘maximum off-time, and modulated via the ZERO 
detection circuitry. The switch drain-source voltage 
is sensed and scaled to initiate 1urn-on when the 
precision 0.5V threshold is crossed. This offset was 
selected {0 accommodate propogation delays 
between the instant the threshold is sensed and the 
instant that the switch is actuaily turned on. 
Although brief, these delays can become significant 
in high frequency applications, and if left 
unaccounted, can cause NONZERO switching 
transitions. 


In this design, the off-time varies. between 1.11 
and 1.80 microseconds, using ideal components and 
neglecting any.temperature effects on the resonant 
components. Since the ZERO detect logic will 
facilitate "true" zero voltage switching, the off-time 

«can be set for a much greater period. The one-shot 
has a minimum of 5:1 ( minimum to maximum ) 
range of duration, and will programmed for 3.0 uS 
(max), controllable down to 0.60 uS. Programming 
of the one-shot requires a single R-C time constant 
and is straighforward using the design information 
and equations from the datasheet. Implementation 
of this feature is shown in figure 3. 


PROGRAMMING THE VCO 


The calculated range of conversion frequencies 
spans between. 87 KHz and 310 KHz which will be 
used for this "first cut" draft of the control.circuit 
programming. Due to the numerous circuit specifics 
omitted from the computer program for simplicity, 
the actual range of conversion frequencies will 
probably be somewhat wider than planned. Later, 
the actual timing component values can be adjusted 
to accommodate these differences. First, a minimum 
conversion frequency of 75 KHz has been selected 
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and programmed according to the following 
equation: 
Fvco min = 3.6 / ( Rmin * Cvco ) 


The maximum conversion frequency of 350 KHZ is 
programmed by: 
Fvco max = 3.6/ [ ( Rmin || Rrange ) *Cvco } 


Numerous values of Rmin and Cvco will satisfy the 
equations which can be simplified by letting Rmin 
equal 100K. 


Cvco (uF) = 0.036 / Fmin(KHz) 

Rrange(K)= 100 / { (Fconv max/Fconv min) - 1] 
where Rmin= 100 K , Cvco= 480 pF (use470pF) 
Rrange= 27.2 K 


The VCO gain in frequency per voit in from the 
error amplifier output is approximated by : 

dF/dV = 1/ ( Rrange * Cvco ) = 78.2 KHz/ V 
with an approximate 3.6 volt delta from the error 
amplifier. ae 


ZERO DETECTION CIRCUIT 


True zero voltage switching occurs every cycle as 
the ZERO detection circuitry modulates the width 
of the one-shot output. The falling edge of the 
resonant capacitor waveform is sensed, resistively 
scaled and ‘fed to one input of the the ZERO 
comparator. Its other input is a precision 0.5 volt 
reference and the output is tied to the one-shot. 
Once the half-volt threshold is crossed, the one-shot 
output is clocked, thus terminating the output and 
initiating the next VCO timing pulse. Typical 
operation is show in figure 5. 


Clock 
(Internal) 


Vth2 


RC Vth1 


One Shot: 


Maximum mre 


Pulse 


Minimum 


Pulse Pulse 


Figure 5. 
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FAULT PROTECTION- SOFTSTART 
& RESTART DELAY 


One of the many unique features of the UC 3861 
family of resonant:mode controllers can be found in 
its fault management circuitry. A single pin 
connection interfaces with the soft start, restart 
delay and programmable fault mode protection 
circuits. In most applications, one capacitor to 
ground will provide full protection upon power-up 
and during overload conditions. Users can 
reprogram the timing relationships or add control 
features (latchoff following fault, etc) with a single 
resistor to ground or Vcc. 


Selected for this application is a 1 uF soft-restart 
capacitor value, resulting in a soft-start duration of 
10 milliseconds and a restart delay of approximately 
200 milliseconds. The pre-programmed ratio of 19:1 
(restart delay to softstart) will be utilized. Primary 
current will be utilized as the fault trip mechanism, 
indicative of an overload or short cirucit current 
condition. A current transformer is incorporated to 
maximize efficiency when interfacing to the three 
volt fault threshold. Core reset is accomplished by 
the bidirectional resonant current in this 
transformers primary. 


TIMING EQUATIONS: 


SOFT START (Tss) 
Tss = Csr * 10K ohms 


RESTART DELAY Trd 
Trd = Csr * 190 K ohms 


TIMING RATIO (Trd:Tss) 
APPROX 19:1 


GATE DRIVE 


Another unique feature of the UC 3861-64 
family of devices is the optimal utilization of the 
silicon devoted to output totem pole drivers. Each 
controller uses two pins for the A and B outputs 
which are internally configured to operate in either 
unison or in an alternating configuration. Typical 
performance for these 1 Amp peak totem poles 
shows 30 nanosecond rise and fall times into InF. 
One significant advantage of zero voltage switching 
is the reduced "miller" effects at the fet gates - the 
switch is. only transitioned while Vds has reached 
zero, substantially reducing the gate drive 
requirements. 


APPLICATION NOTE 


LOOP COMPENSATION 
GENERAL INFORMATION 


The ZVS technique is similar to that of 
conventional voltage mode square wave conversion 
which utilizes a single voltage feedback loop. Unike 
the dual loop system of current mode control, the 
ZVS output filter section exhibits a two pole-zero 
pair and is compensated accordingly. Generally, the 
overall loop is designed to cross zero dB at a 
frequency below one-tenth that of the switching 
frequency. In this variable frequency converter, the 
lowest’ conversion frequency will apply, 
corresponding to approximately 85 KHz, for a zero 
crossing of 8.5 KHz. Compensation should be 
optimized for high low frequency gain in addition to 
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ample phase margin at crossover. Typical examples 
utilize two zeros in the error amplifier 
compensation at a frequency equal to that of the 
output filters two pole break. An additional high 
frequency pole is placed in the loop to combat the 
zero due to the output capacitance ESR, assuming 
adequate error amplifier gain-bandwidth. 


ZVS HALF - BRIDGE 


The foundation of zero voltage switching can be 
extended to multiple switch topologies for higher 
power levels, specifically the half and full bridge 
configurations. While the basic operation of each 
time interval remains quite similar, ther is a 
difference in the resonant interval, t1-t2. 


ZERO VOLTAGE SWITCHED HALF-BRIDGE CONVERTER 


220 to 380V 


Vout 5v 
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SEMIREGULATED 


+ 
VouT 12v 


APPLICATION NOTE 


Unlike the single switch converter’s high off-state 
voltage, the bridge circuits clamp the voltage 
excursions to the DC input rails, thereby reducing 
the switch voltage stress and requirements. This 
alters the duration of the off segment of the 
resonant interval since the opposite switch(es) must 
be activated long before the resonant cycle were to 
have been completed. In fact, the opposite 
switch(es) should turn on immediately ofter their 
voltage is clamped to the rails while their drain-to- 
source voltage equals zero. If not, the resonant tank 
will continue its resonance and return the switch 
voltage to its starting point, the opposite rail. 
Additionally, this off period varies with line and 
load changes. To guarantee true zero voltage 
switching, it is necessary to incorporate a zero 
voltage detection circuit, and modulate the 
controller’s - programmed off-time. The circuitry 
shown connected to the UC1861 ZERO input 


performs the attenuation and sensing to interface to - 


the switch voltage in this half-bridge design. 


THE UC1861 CONTROLLER 

The UC1861 controller is similar to the UC1864, 
and incorporates.a toggle flip-flop to generate the 
alternating A and B outputs for half and full bridge 
applications. All other programmable features and 
connections remain identical to the UC1864 IC. 
Each device is optimized for controlling zero voltage 
switched converters at frequencies into the 
megahertz with minimal parts count and interface 
logic. 


SUMMARY 

The zero voltage switched quasi-resonant 
technique is applicable to most power conversion 
designs, but is most advantageous to those operating 
from a high voltage input. In these applications, 
losses associated with discharging of the mosfet 
output capacitance can be significant at high 
switching frequencies, imparing efficiency. Zero 
voltage switching avoids this penalty by negating the 
drain-to-source, "off-state" voltage via the resonant 
tank. 


A high peak voltage stress occurs across the switch 
during resonance in the buck regulator and single 
switch forward converters. Limiting this excursion 
demands limiting the useful load range of the 
converter as well, an unacceptable solution in 
certain applications. For these situations, the zero 
voltage switched multi-resonant approach [11,12] 
could prove more beneficial than the quasi-resonant 
ZVS variety. 
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Significant improvements in efficiency can be 
obtained in high voltage, half and full bridge ZVS 
applications when compared to their square wave 
design complements. Clamping of the peak resonant 
voltage to the input rails avoids the high voltage 
overshoot concerns of the single switch converters, 
while transformer reset is accomplished by the 
bidirectional switching. Additionally, the series 
transformer primary and circuit inductances can 
beneficial, additives in the formation of the total 
resonant inductor value. This not only reduces size, 
but incorporates the detremental parasitics generally 
snubbed in square wave designs, further enhancing 
efficiency. 


A new series of control [Cs has been developed 
specifically for the zero voltage switching techniques 
with a list of features to facilitate lossless switching 
transitions with complete fault protection. The 
multitude of functions and ease of programmability 
greatly simplify the interface to this new generation 
of power conversion techniques; those developed in 
response to the demands for increased power 
density and efficiency. 
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CHIP PAIR PROVIDES ISOLATED DRIVE FOR POWER 
MOSFETS IN PWM DRIVES REQUIRING 0% TO 100% DUTY CYCLE 


‘UNITRODE’S UC3724 AND UC3725 


Claudio de Sa e Silva 
Senior Applications Engineer 


INTRODUCTION 


Designers of power drives for PWM motor controls and switching 
power supplies often have ‘to face the problem of how to drive the 
high-side transistor in a totem-pole MOSFET output stage. In most 
cases there are several of these to implement, and the problems of 
cost, complexity, and low efficiency tend to be discouraging. For 
many reasons, it is usually, desirable to use N-channel MOSFET 
devices exclusively, and the need to drive the high-side transistor's 
gate to a voltage ten to fifteen volts above the upper rail can lead to 
complicated and often unreliable schemes. 


The new chip pair UC3724/UC3725 from Unitrode offers an elegant, 
compact, and comparatively inexpensive way out of this dilema. To 
put it briefly, the two chips—together with a small pulse transformer 
which supplies the required isolation—employ a modulated carrier 
to convey both the switching power and the ON/OFF information to 
the MOSFET gate. The circuit of Fig. 1 shows all that is needed for 
‘fast switching of a power transistor at any of the voltages commonly 
found in motor control or power supply applications. 


The primary chip (UC3724). generates a carrier signal, usually at a 
frequency of several hundred. kilohertz, and applies it to the 
transformer primary with one of two possible duty cycles, determined 
by a TTL-level logic input. The output signal is delivered to the 
transformer by a current-sensing circuit which ascertains that the 
primary current reaches zero before starting each new cycle, thus 
preventing direct current buildup in the winding. This is done 
continually, at both high and low duty cycles, and has the significant 
consequence that the average voltage of the output signal is always 
zero. A properly designed transformer (see below) cannot saturate 
under these conditions, and there are no severe transients that can 
‘affect the response at each duty cycle change. 


Because of the high carrier frequency and constantly monitored 
primary current, the transformer can be constructed using a high 
permeability ferrite core of no. more than 0.5in OD. Though very 
small, the transformer can easily provide more than 1000V of 
isolation, with minimal capacitance between windings, and very low 
leakage inductance. 


On the power circuit side, the secondary chip (UC3725) rectifies the 
steady carrier with an efficient full-wave Schottky bridge and stores 
in a small capacitor the energy needed to run its internal circuits and 
to deliver the husky one ampere current pulses required to charge 
the power MOSFET gate in a fraction of a microsecond. The 
incoming duty cycle, which may be either low (about 33%) or high 
(about 67%), is sensed by the internal circuit to determine the high 
or low state of the output drive. Furthermore, the same secondary 
IC contains a local current-sensing feature that can be used to 
terminate an ON command if the load current exceeds a given value. 
This extremely fast current-limiting circuit works in a hickcup mode, 
with both the current level and the fixed off-time selected by the user. 


DRIVING THE MOSFET GATE 


It should be noted that although the instantaneous power needed to 
charge the MOSFET gate from zero to 15V.is relatively large if the 
switching time is short, the long-term average power is quite low. 


This is because the switching time, during which gate current flows, 
is necessarily small compared to the period of the PWM signal. The 
isolation transformer needs to transfer power to the secondary side 
at the average rate only, and this is why it can be of very small size. 


By way of illustration, consider a large MOSFET with an equivalent 
gate charge of about 200 nanocoulombs. For an ON voltage of 15V, 
we calculate an equivalent capacity of 13nF. With the 15 ohm 
resistor shown in Fig. 1 in series with the gate (to limit the peak 
current to the rated 1A maximum), we can approximate the gate 
voltage as a rising exponential function of time, of the usual RC 
variety with which we are familiar. Thus; the gate voltage starts from 
Zero and approaches 15V with a time constant of 10. * 13 = 130 
nanoseconds. 


Now, itso happens thatthe efficiency of charging acapacitor through 
aresistor is 50%, so that the energy required to charge the gate fully © 
is equal to twice the amount stored. Consequently, 


1) Energy used to charge the gate = C + V". 


Using Eq.1, the energy needed per cycle turns out to be 3 
microjoules, a result which could also be obtained by simply 
multiplying the equivalent gate charge by the gate source voltage. 
Ata switching frequency of 30KHz, this amounts to an average gate 
drive power of only 99mW, even though the instantaneous peak 
value is actually 15W. The small transformer must be rated to handle 
the average 90mW—plus the low power needed to run the chip, 
while the secondary storage capacitor C1 supplies the high 
instantaneous peaks. Not that no additional energy is required to 
discharge the gate capacitance at the end of each ON time; at these 
times, the stored energy is simply dissipated locally. 


THE PRIMARY SIDE: UC3724 


Ablock diagram of the UC3724 is shown in Fig. 2. The carrier signal 
is generated by a retriggerable monostable multivibrator working in 
conjunction with the current sensing circuits of the output stages. 
The timing components Rt and Ct can be chosen for any frequency 
from 3.3KHz to 600KHz by referring to the curves supplied in the 
data sheet. If the chip is energized without a transformer primary 
connected across the two output terminals, the oscillator will not run, 
and the voltage at pin 1 (Ct) will remain fixed at about 2.9V. This is 
anormal condition, caused by the absence of current at the output 
dirvers. In this state the differential output voltage VA - VB is positive 
if pin 7 is high, and negative if pin 7 is low. 


With the transformer connected to pins 3 and 5, the primary 
magnetizing current is sensed by one of the two current-sensing 
comparators to generate the signal required to trigger the 
multivibrator. This causes the oscillator to run, and the waveform 
appearing at pin 1 will be as shown in the timing diagram of Fig. 3. 
If we observe the output signals at pins 4 and 6 differentially, we will 
see the waveform labelled Va-Vb in the diagram. It has two main 
characteristics: 


1. The duty cycle is either 1/3 (33%) or 2/3 (67%) approx.: 
2. The average voltage is always zero. 
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APPLICATION NOTE 


While the capacitor Ctis charging, the voltage Va-Vb is just 2V lower 
than Vec. During this time, the magnetizing currentincreases linearly 
with slope 


2) di/dt = (Va-Vb)/L amperes per second, 


where L is the primary magnetizing inductance. When the timing’ 


capacitor voltage reaches the threshold value of 2.5V, the output 
voltage (Va-Vb) is reversed in polarity and, atthe same time reduced 
by one-half. With this now opposing voltage, the magnetizing current 
begins to decrease with a slope equal to half the value given by Eq.2, 
towards zero. At zero current, one of the two current-sense 
comparators triggers the multivibrator to start another cycle. This 
resets the core once per cycle, preventing saturation and protecting 
the chip from uncontrolled output currents. 


From the above description, it is clear that the generation of the 
output signal depends heavily on the shape of the magrietizing 
current waveform. But the output current contains another 
component, namely the current that carries the power needed at the 
secondary side. The bridge rectifier at the input of the UC3725 works 
in our favor here, because it is essentially OFF during the 
half-voltage part of the cycle. For this reason, the total primary 
current looks like the iprim trace in Fig. 3. For best results, the 
primary inductance should be chosen so as to obtain a peak 
magnetizing current of between 20mA and 40mA. If the chosen 
PWM frequency is f, 


3) L = 10(Vcc-2)/f henries. (for 33mA peak Imag) 


_ With Vec=22V and f=200KHz, this gives L=1mH. A Fefroxcube 
toroidal core 204T250-3E2A, with an OD of 0.5in has the following 
specifications: 


Al = 3uH/turn squared; equivalent fength = Le = 3.12cm. 
We caiculate N*2 = L/A1; N= 18 turns, and 
4) Imax = H*Le/1.25*N = 69mA. 


Here the current Imax has been calculated for H = 0.5 oersteds, or 
B = 2800 gauss approximately (see Ferroxcube Linear Ferrite 
catalog). With these values, this core can be used at temperatures 
well above 70C. 


THE SECONDARY SIDE: UC3725 


It can be seen from the block diagram of Fig. 4 that the transformer 
secondary winding supplies power to the chip through the internai 
full-wave rectifier bridge of high efficiency Schottky diodes. A small 
storage capacitor must be connected from pin 3 to pin 1 to filter out 
the carrier frequency and to supply peak output currents; in most 
cases, a 1uF ceramic type with low ESR will be adequate. The signal 
from the transformer is also applied to a high hysteresis comparator 
where the two possible incoming duty cycles are recognized. 


In this discussion we will refer to pin 1 as GROUND and give all 
voltages with pin 1 as the reference point, even though it is rarely 
used at ground potential. In most applications, this pin is connected 
to the source terminal of a high-side power MOSFET transistor, and 
the UC3725 with its external circuit components ride with the load 
between power ground and the positive rail. 


With the transformer output applied to pins 7 and 8, the circuit is 
ready to drive the power MOSFET if: 


A. The voltage Vcc (at pin 3) is 12.6V < V3 < 35V: 
8. ENABLE (pin 6) is low: 

C. The voltage Vcs (at pin 4) is OV < V4 < 0.5V; 
D. The voltage Vt (at pin 5) is high (about 7.2V). 


If these conditions are satisfied, the OUTPUT voltage Vo (pin 2) will 
be controlled by the duty cycle of the signal received from the 
transformer and sensed by the input comparator. 


The transformer cannot pass DC, and therefore the voltage Va-Vb, 
measured between pins 7 and 8 must have an average value of zero 
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volts. Ifthe duty cycle is "low" (about 1/3), the positive excursion has 
a shorter duration and, consequently must have a higher amplitude. 
This means that current will flow into pin 7 and out of pin 8 during 
these short pulses, and not at all during the remaining 2/3 of the 
period. The comparator output stays high as long as the duty cycle 
does not change, and the output voltage (pin 2) is held low: the power 
MOSFET is held OFF. Conversely, if the differential voltage Va-Vb 
hasa“high" duty cycle, the negative voltage excursion will be higher, 
and the power transistor will be ON. 


CURRENT LIMIT: By applying to pin 4 a voltage proportional to the 
current flowing through the power transistor, as shown in Fig. 1, itis 
possible fo turn OFF the device with a minimum of delay, thus 
protecting it from damage in case of shorts or other mishaps. The 
chip itself is capable of reacting in less than 50ns, so that the time 
constant of the RC filter between the MOSFET source and pin 4 will 
be responsible for most of the turn-off delay. This filter is usually 
required to prevent false triggering of the current sense comparator. 


‘The two components Rt and Ct at pin 5 set the time during which 


the power device is held in the OFF state after an overcurrent 
condition is detected. The OFF time is 


4) t = 1.28*Rt*Ct seconds. 


Hf the current limit feature is not required, pin 4 should be grounded, 
and pin 5 should be left open. 


LAYOUT PRECAUTIONS 


Because of the high performance requirements of the applications 
for which the UC3724 and UC3725 were designed, these ICs offer 
extremely fast circuits with low propagation times. For this reason, 
the circuit layout in breadboarding and in the final product design 
should be done with care, if unnecessary problems and delays are 
to be avoided. A good ground plane over the circuit area—which is 
relatively small anyway—is always helpful. Good quality ceramic 
fitter capacitors for Vcc in both primary and secondary circuits are 
mandatory. Ground loops must be shunned like the plague: it is 
easier to avoid them from the start than to eliminate them later. 


NOTE: The name “ground loop" is an unfortunate misnomer. it has 
led some to believe it is enough to avoid closed loop circuits 
in which ground currents could conceivably circulate and 
cause all kinds of trouble. But the problem is quite different, 
and requires a different solution.. 


Refer to the UC3725 circuit in Fig. 1. There are several 
components connected to "ground", such as the capacitors 
from pins 3, 4, and 5, for example, You will have a ground loop 
if you return any of these to a point in the ground bus that is 
remote from the chip’s ground pin, or pin 1 in this case. 
Depending on the current level and switching speed, even a 
fraction of an inch can be too far. The reason is that the ground 
wires (or traces) always have some small but finite amount of 
resistance and inductance, and it is the voltage drops due to 
these can often cause malfunctions. 


CONCLUSIONS 


With the UC3724 and UC3725, the problem of driving an N-channel 
power MOSFET with high voitage isolation between the low level 
and the power circuits can be easily handled. The chips are suitable 
for use in PWM amplifiers at switching rates of over SOKHz, which 
makes them suitable for most motor applications, as well as many 
power supply designs. A number of novel configurations not 
specifically described here will surety come to mind to experienced 
designers. For example, using a transformer with multiple 
secondaries, it is possible to have one UC3724 commutating two or 
more UC3725, each controlling its own power transistor. 


The devices are useful also in "off the line" power stages, where all 
of the power transistors must be driven with isolated drivers in order 
to meet UL or other specifications. 
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FIGURE 2: UC3724 Block Diagram 
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FIGURE 3: UC3724 Timing Diagram 
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FIGURE 4: UC3725 Block Diagram 
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POWER FACTOR CORRECTION WITH THE UC3854 


by Claudio de Sa e Silva 
Senior Applications Engineer Unitrode Integrated Circuits Corp. - 


POWER FACTOR: WHAT CAN BE DONE TO 
IMPROVE IT 


In an electric power distribution line, the power factor 
is the ratio of real power (wafts) to apparent power 
(volt-amperes). The optimum value for this ratio is 
unity, a value that is obtained only when the line 
current is sinusoidal and in phase with the line 
voltage — assuming, of course, that the line voltage 
is itself sinusoidal. This means that any current 
component in quadrature with the fundamental, and 
any components at frequencies other than the 
fundamental (harmonics), cannot carry any power to 
the load. However, these components contribute to 
total line losses, and because they add to the current 
actually required by the user, they mandate the use 
of heavier wiring and circuit breakers, which means 
increased installation costs... - 


In the past, the main.cause of fow power factor was 
phase lag, caused by the inductive characteristic of . 
the electric motors which accounted for a.large 
portion of the overall load serviced by the electric 
power companies. In this case, the power factor is 
equal to the cosine of the phase angle — unity when 
the angle is zero. Phase lag can be corrected by 
simply adding the right amount of capacitance in 
shunt with the offending machinery, as has been 
done for many years. 


With the advent of the electronics industry during the 
post-war decades and, more recently, the enormous 
increase in the numberof computers and other: 
equipment incorporating line rectifiers followed by 
capacitor-input filters, the nature of the problem has 
changed. The current drawn by these circuits is 
distinctly non-sinusoidal, as shown.in Fig.1, The 
distorted current waveform in the figure is the sum of 
many components of different frequencies, the one 
at the fundamental line. frequency being the only 
useful one. The resulting power factor may be as low 
as 50% under these conditions, and if the power 
involved.is higher than several hundred watts, cost. 
considerations alone make it imperative for 
equipment. manufacturers to: search for some means 
of improvement. In addition, there are environments 
— aboard submarines, for example — where the 
allowable percentage of harmonics in the line current 
is extremely low. In these systems, the use of an 
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advanced form of power factor correction is a basic 
requirement. 


With Unitrode’s UC3854 High Power Factor. 
Preregulator, the task of reducing the amount of 
distortion in the line current waveform becomes easy 
and cost-effective. This monolithic integrated circuit 
contains all the active control devices required to 
obtain power factors approaching unity, with only a 
handful of additional components needed to tailor the 
overall circuit to specific requirements. Furthermore, 
the device makes possible the design of a 
preregulator capable of operating over a wide range 
of power line voltages without any component or 
wiring changes. This means that the equipment can 
be plugged into any commercial power outlet in the 
world, regardless of the local voltage or frequency. 


HOW THE UC3854 IMPROVES THE POWER 
FACTOR 


Ina. simple power supply, such as the one shown in 
Fig. 1, the DC-load draws current as needed from the 
“bulk” capacitor, while the full-wave rectifier 
replenishes the capacitor at each half-cycle with | 
bursts of current that occur briefly at each voltage 
peak. The output voltage Vo is essentially constant, 
while the input AC current is badly distorted, as 
shown. We can eliminate this distortion with a high 
power factor PWM preregulator which, working 
between the rectifier and the bulk capacitor, forces 
the replenishing current to have the same 
waveshape as that of the line voltage. The same 
PWM circuit can be used to sense and to some 
extent regulate the output DC voltage. 


Two independent feedback loops are involved. The 
inner current contro! loop must have.a bandwidth 
wide enough to follow accurately the waveshape of 
the full-wave rectified line voltage. This waveshape is 
the sum of the following components: 


average DC value-------------- 63.7% of Vpk 
2nd harmonic-------------------- 

4th harmonic----- 

6th harmonic----- 

8th harmonic----- 

10th harmonic: 
higher harmonics. 
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Figure 1. Voltage and current waveforms found in conventional capacitor filtered rectifiers. 


Fig. 2 shows the first three of these components to By sensing and controlling the average current value 
scale. Because the amplitude of the 16th harmonic — rather than peak, as is done in some schemes — 
(960Hz for a 60Hz line) is only 0.5% of the input line we maintain the’same extrernely low level of 
voltage, with higher components becoming distortion in line current over the full range of current 
progressively smaller, a current loop bandwidth of a values, even though the required boost inductor 

few kilohertz is adequate to accommodate all of the value is quite low. This means that the mode 
significant signal components. The PWM switching boundary (between continuous and discontinuous 
frequency must be well above the unity gain modes), that is inevitable at some low current value, 
crossover frequency of the loop. : is of no concern to us, since the loop knows and 


controls the right thing: the average value of current. 


f(x) = [cos x] 


Because load current varies, a voltage control loop is 
also required. (See Fig. 3). This outer loop senses 
the bulk capacitor voltage and keeps it constant by 
regulating the line current as required by the. 
changing load. Unlike the current contro! loop, this 
feedback circuit must have a narrow bandwidth to 
prevent the voltage ripple (at twice the line frequency) 
from distorting the current waveform. Any 
interference of this type will. defeat the main objective, 


-0.2 
or which is to minimize the harmonic content of the line 
current. 
-0.6 ’ 
Besides these two main functions, the UC3854 
Figure 2. Rectified cosine wave f(x) = |cos x}, with incorporates line voltage feedforward. This stabilizes 
average (DC value), second, and fourth the voltage control loep gain which would otherwise 
harmonics shown. (Higher harmonics have been vary with the square of the line voltage. It provides 
left out for clarity. © fast constant power control when the line voltage 


varies; which also accounts for the wide range of 
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Figure 3. Basic configuration of high power factor control circuit, 
showing inner current loop and outer voltage loop. 


input voltages that the preregulator can accomodate 
without any adjustments. (See Ref. 1 for an excellent 
treatment of this subject). 


THE POWER OUTPUT CONVERTER 


For the power stage, we have the choice of either a 
flyback, a buck, or a boost configuration (see Fig. 4). 
We will concentrate on the boost topology here, 
because it offers the most significant advantages. Its 
main characteristics are that the input current is not 
chopped, and that the output voltage must be higher 
than the highest input voltage peak. The benefits 
are: 


1. Energy is more efficiently stored in the bulk 
capacitor at high voltage, allowing use of smaller 
‘capacitor. 

2. Longer hold-up time due to high voltage. 

3. Lower RFI/EMI in line. 


4. The input inductor helps block fast line - 
transients. 
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5. Control can be maintained over full swing of line 
voltage, including zero volts. 


6. Inductor current IS input current, facilitating use 
of current-mode control. 


7. The switch voltage is no greater than the output 
voltage. 

8. Easy to drive PWM switch at ground level. 

The switching diode of the boost stage (see Fig. 4) 
requires the output voltage Vo to have a value higher 
than the line peak value. To accomodate input line 


voltages up to 270Vrms, the value of Vo must be at 
least 380VDC. 


By operating the boost converter in the continuous 
mode, we can minimize the noise injected into the 
line and reduce the peak current in the boost 
transistor and diode. in this mode, the inductor 
current flows during the entire PWM period, with a 
finite amount of ripple present. The required 
inductance L can be calculated using the simple 
design rule (see Ref. 1), 


APPLICATION NOTE 


| 


FLYBACK 


Figure 4. Basic converter topologies which can be 
used to implement the preregulator. 


25,000 


1) = 
fs * Pin 


henries. 


where fis the PWM frequency, and Pin is the input 
power. For a 100Kz system, this simplifies to 


0.25 


2) L= 
Pin 


henries. 


This value of inductance will result in 20%p-p current 


ripple at the peak:of the current waveform at full load 
and low line. Thus, if the. peak value of current at low 
line is 5A, the maximum instantaneous current will 
be only. 5.5A. At high line and low load, operation will 
become discontinuous, but with average current 
sensing, accuracy is preserved even if the 
percentage ripple is higher. 


The bulk capacitor value Cy is often calculated in 
terms of the energy that must be supplied by the 
capacitor during a line dropout. if. the output voltage 
is to drop from Vo to not less than Vypjpn during ihe 
dropout period ty, then 


3) Po: tg=0.5°Co: (Vo: Vmin2) joules. 
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If Vg = 380V, 1.FAvatt will provide holdup to 335 volts 
for 20ms, and 2uF/watt will hold 363V for 20ms, or to 
335V for 40ms. With the larger capacitor there will be 
less voltage ripple (second harmonic) present at the 
output, making it easier to achieve the desired low 
power factor with low distortion. Where low line 
current distortion is the overriding requirement, the 
capacitor size must be determined on that basis. The 
current that the boost stage delivers to the capacitor 
and load has an average value: equal to the DC load 
current Ip, plus a single-frequency alternating 
component at 120Hz. The peak value of this AC 
component is equal to Ip, since the current swings 
from zero to 2l,. As this current flows through the 
capacitor only, we can calculate the ripple voltage Vor, 
for a given capacitor C,: 


Po 


4 aS: 
Vor 2m-120-Vo *Co 


volts peak 


where Po is the output power and Vo is the output 
DC voltage. The effect of this ripple on the line 
current distortion is discussed in Section (K) below. 


Gain of the Power Stage 


- The gain Gp of the boost stage is the incremental 


change in line current that results from an 
incremental change in duty cycle. Since the input 
current is equal to the 100KHz averaged inductor 
current in the continuous mode, and since the effect 
of duty cycle on the voltage appearing across the 
inductor is directly proportional tothe output sae 
Vo, it follows that 


5) Gp==— amperes 


where s is (j- 2m - fs), and fg is the PWM frequency. 
Inside and Around the UC3854 


Refer to Fig. 8 for this section. Here we will discuss 
each of the various functions incorporated in the 
device, and explain its function and setup procedure. 
All values given are typical, unless otherwise 
indicated. Also, the component symbols used in this 
section correspond to those of Fig. 8. 


(A) Vcc Supply, Pin 15: The recommended supply 
voltage to the chip is between 18V and 30V. Note 
that on power-up, the device does not become active 
until Veg reaches 16V (provided that the enable input 
ENA is high). The current drawn before the turn-on 
threshold is reached will not exceed 2mA. At turn-on, 
this current increases to 10mA (20mA max) and 
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remains fairly constant thereafter. The Vo, turn-off 
threshold is set at 10V. These values permit the use 
of a simple and inexpensive Vo, supply. 


(B) ENA, Pin 10: If the ENABLE input is low, the 
UC3854 will remain inactive even if Veg is above 
16V. This TTL compatible input provides an ideal 
on/off switch for the preregulator. Note that the 
REFERENCE voltage turns off when this input is iow. 


(C) Regt Pin 12: The value of Reg; determines the 
maximum value of PWM controlled line current by 
setting the peak current that the multiplier can 
deliver. If we denote the multiplier output current by 


Im 


6) 
Rset 


Im (Max) = amperes 


The negative sign indicates that this current flows out 
of Pin 5. If a resistor Ro is placed between Pin 5 and 
the current sense resistor Rg, the peak line current 
will be limited to 


3.75 Ro 


7) 
Reset - Rg 


i; (max) = amperes 


(D) Cy, Pin 14: The capacitor C;, together with 
resistor Regt, determines the PWM frequency: 


1.25 


8 zo 
! so 


hertz 


The saw-tooth waveform generated by the oscillator 
has a linear, positive slope, with an amplitude of 
5.5Vp-p. The maximum usable frequency is in 
excess of 200KHz. 


(E) REF, Pin 9: The enabled chip delivers a precise 
voltage Vre¢ Of 7.5 volts at Pin 9, capable of -10mA 
with excellent regulation, and current-limited to 
-30mA. 


(F) GT DRY, Pin 16: This output can drive a power 
MOSFET gate with an instantaneous peak current of 
1A, allowing switching times of less than 100ns. 
Peak output voltage is internally limited to 16V. A 
peak current limiting resistor of about 20 ohms is 
recommended in series with the MOSFET gate. Note 
also that a maximum duty-cycle of 97% is specified. 


The output duty cycle varies over its full rarige as the 
current amplifier output changes by 5.5V, which is 
the sawtooth peak-to-peak voltage. It follows that we 
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U-125 
can include the internal PWM control gain as part of 
the power stage gain Gp . To do this, we combine 
equation 5 above with the chip's PWM gain and get 


Vo 
9) Gowm = 55: aL siemens, or 
Rg V, 
10) Gowm = Seat volts per volt. 


Equation 10 gives the overall PWM/boost power 
stage gain in terms of the small signal voltage across 
the current sense resistor Rs divided by the small 
signal voltage at the current amplifier output, Pin 3. 


(G) | SENSE, Pins 3, 4, and 5: The voltage across 
the current sense resistor Rg is applied to Pins 4 and 
5, the input terminals of the current amplifier, with two 
equal resistors Ro and Rg (see Eq. 7). For average 
current sensing, the feedback components required 
between Pins 3 and 5 are as shown in Fig. 5. This 
amplifier’s response is also shown in the figure, with 
the critical points labeled. Note that the phase 
response deviates from -90 degrees in the vicinity of 
the zero and pole, reaching a value of only -35 
degrees if the two break points are separated by a 
factor of ten (p = 10 - z). This fact will be important 
later, when we combine this amplifier with the power 
stage in a closed loop (see Eq. 10-above) because 
the boost converter introduces an additional phase 
lag of 90 degrees. 


(H) MULTIPLIER and SQUARER, Pins 5, 6, 7, and 8: 
These blocks compute the quantity 


_ Km: (Va- 1) lac 


11 Im = 
: m Vrms” 


amperes 


where _ Im is the current IMULTOUT, 


Km is the multiplier constant, 

Vg is the voltage amplifier output, 
lac is the current into Pin 6, 
Vrms is the voltage at Pin 8. 


The voltage VAOUT directly controls power. The 
range of control is from !V (zero power) to 5.6V (peak 
power). If we pick the value 5V to correspond to the 
maximum power required in a given design, we will 
have a sufficient margin above that value before 
limiting occurs. Thus, we can select values for Vac 
and Vrms such that at low line voltage and full load 
the voltage Vg will be 5V. For the line voltage range 
from 75V to 275V, the setup shown in Fig. 8 will give 
very good results. 
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CURRENT-SENSE | 
AMPLIFIER 


GAIN 
dB 


Figure 5A. Current-sense amplifier compensation. By setting the pole p at a frequency ten times higher than z, 
you can reduce the phase lag to -35° at the geometrical midpoint. 
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Cig 


Figure 5B. Current control loop. The open-loop gain 


GcLo is: 
VoRs (8 +z) 
GcLlo= ———— 
WoscReC15 s*(s +p) 
where z = (rad /s) 
Cis 

Cig + Cis 

p= ~~ (rad /s' 
ReC13C15 ¢ ) 


LR A 


The constant Kyy is the multiplier constant, 
approximately equal to -1, the negative sign 
indicating that the current Imp flows out of Pin 5. The 
voltage Vp that appears at Pin 5 depends on the 
value of Ro. (See above). 


(!) lag, Pin 6: This current supplies to the UC3854 
a sample of the rectified line waveform, which is 
needed to shape the line current. The output of the 
power rectifier supplies this small current through a 
large-value resistor, Rg. But because there is a 
potential of 6V present at Pin 6, and the full-wave 
rectified signal swings all the way to zero volts, a 
compensating resistor, Ry, is needed from Pin 6 to 
Pin 9, the REF output: 
12) R44 = 0.25 ° Rg ohms. 

lac Should.be in the range from zero to 1mA. 
Therefore, for line voltages that can be as high as - 
275Vims, Rg should be 500K or greater. 


(J) VRMS, Pin 8: Ideally, this should be a DC 
voltage proportional to the rms value of the line 
voltage. Since the line waveshape does not change 
significantly, the average value will do just as well, 
and a good circuit for the purpose is shown in Fig. 6. 
This two-pole filter gives excellent attenuation of the 
various harmonics present, without introducing 
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Pp RECTIFIED LINE 
“AD f 4 VOLTAGE 


Figure 6. Two-pole filter for the Vems input has a 
response of -34dB at DC, -67dB at 120Hz, and 
-79dB at 240Hz. 


excessive delay in the DC output. This results in low 
output distortion and good transient response. The 
voltage applied to Pin 8 should be kept in the range 
from 1V to 5V. The values given in the circuit will 
meet this requirement for an input range from 
75Vrms to 275Vrms. 


Note that for each 1% of second harmonic ripple at 
Pin 8 there will be a contribution of 1% to the third 
harmonic content of the line current. This effect is 


FREQUENCY —» (Hz) 
Figure 6A. Frequency response of the-2-pole RC 


filter of Figure 6. 


additive with the contribution due to second harmonic 
ripple in Vo discussed.below, 


K) V SENSE, Pins 7 and 11: Except during soft-start, 
the non-inverting input to the voltage error amplifier is 
internally biased at 7.5V. The 50nA input bias current 
makes it possible to use high value resistors in the 
required biasing network, a valuable feature in view 
of the high voltages involved. 


APPLICATION NOTE 


Top Trace: Line Voltage, 85V;ms. 
Bottom Trace: Line current, 2A per division. 
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Top Trace: Line Voltage, 250V pms. 
Bottom Trace: Line current, 2A per division. 


Figure 9. Line voltage and current waveforms obtained with the circuit of Figure 8. 


(L) PK LIM, Pin 2: This comparator has an input 
threshold of zero volts. If its input (Pin 2) is driven 
below ground, the comparator instantly stops the 
PWM action, with the PWM drive (Pin 16) held low. 
The components R4 and Rs (1.6K and 10K 
respectively), shown in the complete schematic of 
Fig. 8, will provide peak limiting at about 4.8A. 
Capacitor Cg can be added for noise filtering. 


(M) SS (Soft Start), Pin 13: It has already been 
mentioned that in a circuit utilizing the boost 
topology, the output voltage cannot be less than the 
peak line voltage. In such a system, the soft start 
feature can only be effective in the output voltage 
range above that value. It is mainly with buck and 
flyback converter applications that the SS feature 
becomes fully operational. 


POWERING THE UC3854 


The UC3854 can be powered with a simple circuit 
such as the one shown in Fig. 8. Start-up power is 
supplied through resistor Roo and transistor Qo. 
Since the maximum start-up current is only 2mA, the 
power dissipated in the resistor is only about 2.6 
watts. After start-up, the secondary winding on the 
boost inductor begins to transfer energy through the 
full-wave rectifier bridge Dg, to supply the 20mA 
maximum current needed to sustain operation. 


A 250W APPLICATION 
Fig. 8 shows the complete diagram of a high 


efficiency power supply capable of delivering 250 
watts with a power factor in excess of 0.999 and less 


than 3% harmonic distortion. The input current is 
limited at approximately 4A, which means that the 
inductor L1 must be designed to handle that current. 
The rectifier Dp must have very short recovery time 
rating to handle the high PWM frequency of 100KHz. 
Note the Schottky diode added from Pin 16 to 
ground, a precaution that is sometimes necessary to 
prevent conduction in the chip's substrate diode. 
Inrush current protection is included by the addition 
of a thermistor in series with the power line. See Fig. 
9 for voltage and current waveforms obtained with 
the circuit of Fig. 8. 


REFERENCES: 


(1) Lloyd Dixon, Jr. , “High Power Factor 
Preregulators for Off-Line Power Supplies”, Unitrode 
Power Supply Seminar Handbook, SEM-600A, 1988. 


(2) R. Mammano and R. Neidorff, “Improving Input 
Power Factor - A New Active Controller Simplifies the 
Task”, Proceedings of the 19th International PCIM 
Conference, 1989. 


(3) Unitrode Power Supply Seminar Handbook for 
1990, (in preparation). 


APPLICATION NOTE 

The amplifier can be set up to operate at full DC 
gain, if tight regulation of the output voltage is 
desired, but at the cost of somewhat slower 
dynamics (recovery from sudden input vottage or 
load changes). For the intended application of the 


Figure 7. Vottage sensing circuit. The output 
voltage at Pin 7 is limited to the range from 1V at 
no load, to 5.6V at full load. 


UC3854 as a preregulator, with high power factor as 
the primary concem, it is best to configure this 
section as shown in Fig. 7. 


The transfer function of the voltage amplifier 
feedback circuit must be carefully suited to the 
characteristics of the remaining components of the 
feedback loop if the given distortion specifications 
and loop dynamics requirements are to be met. The 
amount of distortion in the line current depends on 
the amount of second harmonic ripple introduced 
into the multiplier by the Vrms signal and by the error 
amplifier output. The latter’s contribution amounts to 
0.5% third harmonic distortion in line current for each 
1% second harmonic present at Pin 7, calculated in 
terms of the nominal 4V voltage swing at Pin 7 with 
Km =-1. 


This allows us to calculate the maximum ripple: 
voltage that can be tolerated at Pin 7, as in the 
following example. 


EXAMPLE: 
Assume Po = 250W, Vo = 385V; then Ip = 0.625A. 


The 100KHz average current delivered through the 
boost rectifier to the capacitor and load has a 
frequency of 120Hz, and an average value of 0.625A 
at full power. It swings between zero and 1.25A, and 
we can calculate the ripple voltage Vo, present in the 
capacitor voltage Vp: ; 
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0.625 


a) 2n-120°Cy 


Vor = volts peak 
Assuming that Co was chosen at about 2uF. per watt 
(see above), we have, 


Co = 450uF, and 
Vor = 1.84Vpk. 


Vo is attenuated from 385V to 7.5V, the amplifier’s 
reference voltage, by divider Ry7 and Ry: Vo, will 
necessarily be reduced by the same factor: 


1.84-7.5 
385 


b) or = 


= 0.036V 


With the multiplier set up properly, a 4V change (from 
1V to 5V) in the voltage amplifier output changes the 
line current from zero to full load. A ripple voltage Voy 
at the amplifier’s output, equal to 2.5% of 4V (0.1V), 
will contribute 1.25% third harmonic distortion to the 
line current. Then, the product R19-Cg must be such 
that with an input of 0.036V at 120Hz, the output is 
0.1V. In other words, the gain at 120Hz must be; 


0.1 


——_ = 28 V/V @ 120Hz, with Ky = -1. 
50367 28 WV @ 120H2, with Kr 


c) Gy29= 


NOTE: A few advance samples of the UC3854, 
manufactured in 1989, had a Km value of about -6. 
Those devices required a gain Gjo9 equal to 1/6 the 
value calculated above. 

The integrator constant is: 


13) Ry9-Cg= seconds, or 


1 
2x - 120 -Gy29 


d) = 470us. 


1. 
Rig -Ce= 27 400-28 


The reciprocal of the integrator constant Ry 9°C¢ is 
the frequency (in rad/s) at which the gain is one. Any 
combination of values of Ry9 and Cg whose product 
is equal to 370us will.provide the required gain of 3.2 
at 120Hz. 


Note that this result was determined based on 
distortion requirements alone, and that we have not 
yet considered R7 which will have to be added in 


_ shunt with Cg. Without this resistor, the voltage 
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feedback loop will surely be unstable, since there are 
two -90 degree contributions; one from the output 
capacitor, and another from the voltage amplifier 


APPLICATION NOTE 

(with R4g and C6 only). By adding the resistor R7 to 
the feedback path, we can make sure that the net 
phase lag at unity gain crossover is at least 45 
degrees less than 180, thus guaranteeing stability. 
For 45 degrees of phase margin, the best value for 
this resistor is that which will place a pole in the 
voltage control open loop response at the unity-gain 
frequency fo, given by Eq. 14: 


1 Po. V 
14) tp=— J Sa a Hz 
2n Vo - Va -Co - Rig - Sg 


Py = output power, watts 
Vref = reference voltage 
Vo = DC output voltage 


VIN = 80-270VAC 
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Va = output range of voltage amplifier, volts 
Co = bulk capacitor, farads 


For Po=250W, Vyef=7.5V, Va=4V, Vo=400V, 
Co =500pF, Ryg=10K, and Cg=47nF (for 
R49°Cg=470us), we get f, = 20 Hz. 


We can now find a value for R7: 


1 


15) ge ee 
é an -{g Ce 


ohms. 


For the example above, R7=174K. 


Figure 8. Complete schematic of 250W high power factor prereguiator. 
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A SIMPLE ISOLATION AMPLIFIER USING THE UC1901 


The UC1901 Isolated Feedback Generator has other applications 
besides providing isolated feedback in switching power supplies. 
This IC’s amplitude modulation system and error amplifier can be 
used to implement a very low cost, high bandwidth, isolation 
amplifier. Isolation amplifiers of this type find use in switching power 
supplies, motor controls, instrumentation, industrial controls and 
medical systems. 


The UC1901 generates a programmable high frequency carrier 
signal (up to 5MHz) with an amplitude that is controlled by a high 
gain error amplifier. In a typical feedback application, this amplifier 
and modulator are used, in conjunction with the UC1901's 1.5V 
reference and a small signal coupling transformer, to provide 
precision regulation for an isolated switching power supply. 
Capacitively coupled feedback around the UC1901 error amplifier 
determines the device’s small signal AC response, but the DC 
operating point is determined by the requirements of the overall 
power supply loop. By adding an additional winding on the coupling 
transformer and a demodulator circuit for this winding, local DC 
feedback can be provided to the UC1901’s error amplifier. In this 
mode very accurate DC, as well as small signal, AC, transfer 
functions can be established across the isolation boundary. 


The configuration of an isolation amplifier using the UC1901 is 
shown in the figure below. The drivers on the UC1901 couple an 


A +Vw 


(5-40V) 


amplitude modulated carrier to two matched windings (W2 and W3) 
on asmall signal transformer. The demodulated signal from winding 
W2is used to provide feedback to the UC1901’s error amplifier while 
the demodulated signal from Ws is the isolated output signal. The 
use of the feedback winding linearizes the transfer function of the 
overall amplifier and allows DC signals to be accurately transferred. 
Matching of the two demodulator windings and demodulator circuits 
is important to maximize linearity and minimize DC offsets. An 
optional output buffer and filter will reduce residual carrier ripple and 
isolate the output demodulator from its load. The internal gain 
compensation on the UC1901 is sufficient for stable operation with 
overall gains down to 12dB. This circuit requires a supply voltage to 
the UC1901 that, if not available in the system already, can be 
generated using a second similar circuit operating in the reverse 
direction. 


The primary features of this circuit are: 

1. Good Signal Linearity : 

2. Wide Bandwidth (8dB Bandwidths > 500kHz) 
3. High Isolation Capability 

4. Low Cost 


ISOLATION 
BOUNDARY 


A Low Cost, High Bandwidth, Isolation Amplifier: An additional feedback winding linearizes the transfer 
function of the amplifier by matching the coupling characteristics to the isolated output. 
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UC3842A - 
LOW COST START-UP AND FAULT PROTECTION 
CIRCUIT 


This circuit optimizes control circuit performance to include: 
* Low Start-up Current, Less Than 0.5 ma 


* MOSFET Compatible Undervoltage Lockout Thresholds 
16V Turn-on, 10V Turn-off ¢ 


* Programmable Restart Delay HICCUP Fault Protection 
* Auxiliary 5V Precision Reference 
* Overvoltage/OvertemperatureProtection 


CIRCUIT DESCRIPTION AND OPERATION: 


The UC3842A Controller is featured in this design NOTas the power 
supply control IC, but in a supervisory function to assist the principal 
PWM. It will be utilized to facilitate a low current start-up of less than 
0.5 milliamp from the high voltage bulk supply. Additionally, the 
UC3842A features 16 volt turn-on and 10 volt turn-off thresholds, 
ideally suited for power mosfet gate drive circuits. The 1 amp output 
of the UC3842A is used to switch the auxiliary supply voltage to the 
principal PWM controller, a UC3825 or UC3846 for example. 


The oscillator of the UC3842A is configured to generate a constant 
off time, corresponding to the desired restart delay interval. At the 
beginning ofits operation, the UV initiates a clock cycle and the PWM 


output at pin 6 goes high. This is fed to transistor Q; which pulls the 
R/C; input at pin 4 low, thus "freezing" the oscillator, while keeping 
the PWM output high. Once a valid fault (greater than 1 volt) is 
received at the current sense input (pin 3), the output at pin 6 will go 
low. Transistor Q; is then turned off, and the oscillator generates an 
off period, or delay as programmed by the R/C; components. This 
procedure will repeat as often as dictated by the fault conditions, but 
significantly reduces the average short circuit currents and power 
dissipation. 


The UC3842A’s current sense node is used as the fault input, and 
can be configured to provide numerous safeguards. Primary 
Overvoltage protection is accomplished by using a simple resistor 
divider network or series string of zener diodes to the high voltage 
rail. Overtemperature protection is possible by including the 
UC3730 Precision Thermal Monitor IC, or a variable impedance 
thermistor. In a simple configuration, the fault circuit is designed to 
deliver a 1 volt input to pin 3 of the UC3842A when a fault response 
is necessary. The error amplifier can also be biased to accept lower 
amplitudes of valid fault inputs at the current sense input. A precision 
five volt auxiliary supply is made available at the IC's reference 
output, pin 8 and’can supply 20 milliamps maximum. 


UC3842A Supervisory Function Circults 


LOW COST START-UP and FAULT PROTECTION 
Circuit 


~< BOOTSTRAP 


FAULT > 
INPUT 


at 
IRDFO12 
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COMBINED LATCH/RESET/HICCUP FUNCTIONS 
General Circuit 


OVER-TEMPERATURE PROTECTION 
using 50 to 100Q thermocouples 
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UC1842/UC1842A FAMILY 
SUMMARY OF FUNCTIONAL DIFFERENCES 


The industry standard series of UC 1842/43/44/45 devices has been 
‘improved for higher frequency, off-line power supplies. This new "A" 
series of controllers, UC1842A/43A/44A/45A, feature three major 


Start Up Current 


advantages over their predecessors as shown in the summary 
below. 


UC1842/45 
0.5ma 


Typical (Ty=25°C) 


UC1842A/45A 
0.3ma 


Maximum (Tj=25°C) 


Oscillator Discharge Current 


UC1842/45 


UC1842A/45A 


At Ty=25°C (ma) 


Overtemp. Range 


TYP 


TYP MAX 
8.3 8.8 


MAX | MIN 


Output Saturation 


UC1842/45 


UC1842/45A 


During UVLO 


The reduced start-up current is of particular concern in offline 
supplies where the IC is “powered-up” from the high voltage DC rail, 
then bootstrapped to an auxiliary winding on the main transformer. 
Power is then dissipated in the start-up resistor which is sized by the 
IC's start-up current. Lowering this by 50% in the "A" version family 
will reduce the resistors power loss by the same percentage. 


Precision operation at high frequencies with an accurate maximum 
duty cycle can now be obtained with the "A" family of devices due 


Unitrode Integrated Circuits Corporation 


1V @ 0.2ma 


1V @ 10ma 


to its trimmed oscillator discharge current. This nullifies the effects 
of production variations in the initial discharge current or deadtime. 


Another significant improvement has been made in the output 
section, specifically to the lower totem-pole transistor's operation 
during undervoltage lockout. The "A" series of devices prevent the 
power MOSFETs from parasitically turning-on at powerup due to the 
*Miller’ effect. This new technique allows the IC to sink higher 
currents at lower saturation voltages than it's predecessors. 
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UC3840/UC3841/UC3851 PWM CONTROLLERS 
SUMMARY OF FUNCTIONS AND DIFFERENCES 


The UC3840/UC3841 and UC3851 PWM controllers incorporate 
numerous protection features for switch mode power supplies. The 
list includes programmable undervoitage lockout thresholds, 
programmable current limit thresholds, overvoltage protection, 
soft-start and external stop/reset capability. While these controllers 
are-similar in concept, there are subtle differences amongst them in 


EXTERNAL STOP 


ee ee eee 


the operation of the error latch circuitry, specifically, the external stop 
and reset inputs. The UC3841 and UC3851 ICs feature an improved 
circuit design which simplifies the interface to the internal protection 
circuitry. A summary of the functions and modes of operationis listed 
below. 


UC3841/51 


Low (<0.8V) Stop Defeat E/L Operation 
High (>2.4V) Normal Stop 
Open 


Normal 


Normal 


Cap. to GND 
During Power-up 


RESET 


SOFT START 


Not Delay E/L Operation 
Recommended 


re ee 
imoncaay tah | 


Low (<2.8V) Cree Te Ae 


at ~ 13msec/uF 


&/L= Error Latch 


After UV or RESET 


The UC3851 controller incorporates two additional features, a toggle 
flip-flop for an accurate 50% maximum duty cycle clamp, and a 1 
amp peak totem-pole output for driving power MOSFETs. Maximum 


Uc3840 UC3641/51 
Unlatched Latched (Vss=0.40V) 


duty cycles and output configurations for each device is shown 
below. 


MAXIMUM DUTY CYCLE (Ty = 25°C) 


UC3840/41 


Rr = 20K, Cr = 1nF 


PWM OUTPUT 


UC3840/41 


UC3851 


Open Collector 
Active Low 


Totem Pole 
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UC3842A FAMILY 
FREQUENCY FOLDBACK TECHNIQUE PROVIDES PROTECTION 


Excessive power dissipation in switching devices can occur during 
start-up and overload conditions in many switchmode power 
supplies. Many sophisticated PWM controllers provide the means 
for protection against these conditions; however, simple low-cost 
controllers will require additional circuitry. The circuit described 
below utilizes only one additional resistor and transistor to enhance 
the performance of the UC3842A family of controllers. 


The power supply output voltage is fed to the error amplifier inverting 
input (pin 2) at a 2.5 volt amplitude under normal operating 
conditions. During start-up or overload, however, this voltage can 


drop to zero. The circuit shown uses this feedback voltage to divert 
normal charging current from the IC’s timing capacitor to ground 
whenever the feedback voltage is below the 2.5 volt nominal. A linear 
three-to-one reduction of oscillator frequency is obtainable for most 
applications. This technique lengthens the potential maximum 
on-time and reduces the programmed deadtime. In many circuits, 
however, the peak current limit threshold is reached early inthe cycle 
under these overload conditions, and this is not a problem. For most 
applications, the foldback resistor value (Rr) should equal that of the 
timing resistor (Rr) 


EXAMPLE: 

100 kHz operation, Rr = 15K, Cr = 1 nF, Re = 15K, Q; = 2N2907A 
OPERATING MODE NORMAL OVERLOAD 
Vera - (pin 2) 2.50V 0.00V 
Oscillator Freq. 105 kHz 36 kHz 


FREQUENCY FOLDBACK TECHNIQUE 
Circuit 


2.5V 
typical 
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PROGRAMMABLE ELECTRONIC CIRCUIT BREAKER 


The design of a programmable electronic circuit breaker is shown 
below which utilizes the UC3843A control IC to facilitate a high speed 
turn-off following an overcurrent condition. This tow cost, industry 
standard IC contains the required protection features and drive 
capability in a single 8 pin device. , 


CIRCUIT OPERATION 


Power to the. controller is provided by a simple, low cost 60Hz 
transformer from the AC line which delivers 12 VAC at the 
secondary. The output current is determined primarily by the relay 
used with an additional 10 milliamps, or so, drawn by the IC. 
Undervoltage lockout prevents any operation until 10 VDC is 
obtained across capacitor C1, when the UC3843A will turn on. The 


SCHEMATIC DIAGRAM 


PWM output at pin 6 goes high which drives the relay ON and 
switches the load across its respective power source. The load 
current is sensed by the current transformer T2, multiplied by its 
truns ration(N).and develops a voltage across the sense resistor R4. 
This resistor is scaled to delivery 1 volt maximum at the full load 
current and is one input to the PWM comparator. 


While the output at pin six is high transistor Q1 is also turned ON 
which disables the ICs oscillator, locking the output high until toggles 
by the PWM. A 10K resistor (R5) to the supply voltage (pin 7) 
supplies bias to Q1 after the output has gone low, providing alatched 
OFF condition. This can easily be reset by pulling Q1's gate low 
through 1K ohms to ground as shown. 


ELECTRONIC CIRCUIT BREAKER FEATURES HIGH SPEED CURRENT LIMITING 


SELECT 
FOR 1V 


MAXIMUM 


PROGRAMMABLE CURRENT ADJUST 


APPROX 15VDC 


12 VDC 
RELAY 


TO AC 


cel 


| SENSE 


The other input to the PWM comparator is represented by the voltage at pin 1, the error amplifier output which can be adjusted by resistor 
R2. Internally, this voltage is reduced by two diode drops then attenuated to one-third its amplitude. The PWM circuitry compares this voltage 
with that of the current sense input at pin 3. When the current sense input exceeds the threshold set by resistor R2, the comparator is tripped 


and the ouptput at pin 6 is latched OFF. 
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CURRENT MODE CONTROLLED QUASI-RESONANT 
ZERO VOLTAGE SWITCHING POWER CONVERSION 


Variable frequency power converters can also benefit from the use 
of current mode control. Two loops are used to determine the precise 
switch ON time, an “outer voltage feedback loop, and an “inner 
current sensing loop. The advantage to this approach is making the 
power stage operate as a voltage controlled current source. This 
eliminates the two pole output inductor characteristics in addition to 
providing enhanced dynamic transient response. 


PRINCIPLES OF OPERATION 
Two control ICs are utilized in this design example. The UC3843A 


PWM performs the current mode control by providing an output pulse 
width determined by the two control loop inputs. This pulse width, or 


repetition rate is used to set the conversion period of the UC3864 
ZVS resonant controller. Rather than utilize its voltage controlled 
oscillator (VCO) to generate the conversion period, it is determined 
by the UC3843A output pulse width. 


Zero voltage switching is performed by the UC3864 one-shot timer 
and zero crossing detection circuitry in their standard configuration. 
When the resonant capacitor voltage crosses zero, the UC3864 
output goes high. This turns ON transistor Q1 and recycles the 
UC3843A which initiates the next current mode controlled period. 
The UC3864 error amplifier and VCO are not used, however the fault 
protection circuitry will still respond to an overcurrent fault. 


CURRENT MODE CONTROLLED ZVS FORWARD CONVERTER 


VARIABLE FREQUENCY OPERATION 


UC3864 


UC3843 


UC3864 
ZERO 
VOLTAGE 
SWITCHING 


E/A 


i. 


UC3843: 
CURRENT MODE CONTROLLED 
N-TIME 
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OPTOCOUPLER FEEDBACK DRIVE TECHNIQUES 


The use of optocouplers in the feedback path of switchmode power 
supplies is probably one of the most common practices in the 
industry. Benefits of this method include low component cost, high 
voltage isolation and simplicity of design and implementation. 
Although adequate for many existing designs, the need for additional 
loop gain bandwidth occurs as switching frequencies are pushed 
towards the megahertz region. 


One of the most popular ways to drive an optocoupler utilizes a 
TL431 Adjustable Shunt Regulator. It is configured on the output 
side of the power supply to modulate the optocoupler’s photo diode 
Current as a function of the power supply output voltage. Across its 
isolation boundary, the optocoupler transistor is connected to the 
PWM controller's error amplifier on the primary side of the power 
supply. Variations in the output voltage are optically transferred back 
to the error amplifier and control loop for correction. Providing 
additional features like over current protection or external shutdown 
require extra optocouplers and drive mechanisms, thus increasing 
the circuit complexity. 


A linear regulator control IC, such as the UC3832, UC3833 or 
UC3836 can be substituted for the 431 while providing numerous 


additional features besides regulating the output. Overcurrent 
limiting and fault protection can be combined with the error voltage 
to drive the optocoupler and override it when necessary. 
Handshaking with external control logic, such as shutdown and 
sequencing is greatly simplified since the control IC is referred to the 
same ground. The most obvious benefit, however, is the introduction 
of the supplementary error amplifier in the feedback loop with 
programmable compensation. 


Depending on the specific application, current limiting canbe tailored 
to accommodate a programmable foldback characteristic, constant 
Current or complete overcurrent shutdown. The UC3832 and 
UC3833 provide an addition level of versitility by offering a 
programmable duration event timer in the current limit circuitry. An 
adjustable trip threshold to accommodate varying load demands can 
be facilitated with the UC3832. For additional information, please 
consult application note U -116 and the respective device data 
sheets. 


UC3833 LINEAR CONTROL IC DRIVES OPTOCOUPLED FEEDBACK 


PRIMARY 


OPTOCOUPLER 


l MIN i 
VIN iSENSE 


SINK UC3833 VFB 


SOURCE COMP 
TRC GND 


ims 
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UNITRODE INTEGRATED CIRCUITS CORP. 


Eastern Area Office, Central Area Offices 
7 Continental Boulevard, Merrimack, N.H. 03054-0399, TEL: (603) 424-2410, FAX: (603) 424-3460 


Western Office 


Effective Date: April, 1990 


23801 Calabasas Rd., Suite 2050-11A, Calabasas, CA 91302, TEL: (818) 999-1831, FAX: (818) 999-1729 


DOMESTIC REPRESENTATIVES 


ALABAMA 

Advanced Components Mktg. 
Huntsville 

205-881-5493 


ARIZONA 


Compass Mktg. & Sales, Inc. 
Phoenix 
602-996-0635 


Compass Marketing & Sales, Inc. 


1760 E. River Road 
Suite 253 
Tucson, AZ 85718 


ARKANSAS 
See Texas 


CALIFORNIA-NORTHERN 


I? Inc. 
Santa Clara 
408-988-3400 


CALIFORNIA-SOUTHERN 


Centaur Corp. 
Irvine 
714-261-2123 


Centaur Corp. 
San Diego 
619-278-4950 
Centaur Corp. 


Calabasas 
818-704-1655 


COLORADO 
Component Sales, Inc. 
Denver (Englewood) 
303-779-8060 


CONNECTICUT 


Kitchen & Kutchin Inc. 
23 Peck St. 

North Haven, CT. 06473 
Tel: 203-239-0212 


DELAWARE 
See Pennsylvania-Eastern 


DISTRICT OF COLUMBIA 


See Maryland 
FLORIDA 
Delmac Sales, Inc. 
Longwood 
407-831-0040 
Delmac Sales, Inc. 
Deerfield Beach 
305-427-7788 | 
Delmac Sales, Inc. 
Clearwater 
813-447-5192 


GEORGIA 

Advanced Comp. Mktg. 
Norcross 

404-448-7025 

IDAHO 

See Washington 
ILLINOIS-NORTHERN 
Oasis Sales Corp. 

Elk Grove Village 
708-640-1850 
ILLINOIS-SOUTHERN 


Spectrum Sales 
Hazelwood 
314-731-5151 
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INDIANA 


Scott Electronics 
Indianapolis 
317-841-0010 


Scott Electronics 
Fort Wayne 
219-489-5690 
IOWA 

See Minnesota 
KANSAS 
Spectrum Sales 
Overland Park 
913-648-6811 
KENTUCKY — 
See Ohio 
LOUISIANA 
See Texas 
MAINE 

See Massachusetts 


MARYLAND 

Third Wave Solutions 
Columbia 
301-290-5990 


MASSACHUSETTS 


Kanan Associates 
Needham 
617-449-7400 


MICHIGAN 
Greiner Associates 
Grosse Pointe Park 
313-499-0188 


DOMESTIC REPRESENTATIVES (Continued) 


MINNESOTA 


Aldridge Associates 
Eden Prarie 
612-944-8433 


MISSISSIPPI 
See Alabama 
MISSOURI 
Spectrum Sales 
Hazelwood 
314-731-5151 
MONTANA 


See Colorado 
NEBRASKA 

See Missouri 
NEVADA-NORTHERN 
See California-Northern 
NEVADA-SOUTHERN 
See Arizona 

NEW HAMPSHIRE 
See Massachusetts 


NEW JERSEY-NORTHERN 
ERA Inc. 

Commack 

516-543-0510 

NEW JERSEY-SOUTHERN 


See Pennsylvania-Eastern 


NEW MEXICO 

Compass Mktg. & Sales, Inc. 
Albuquerque 

505-344-9990 


NEW YORK-METROPOLITAN 


ERA Inc. 
Commack 
516-543-0510 


NEW YORK-UPSTATE 
Reagan/Compar Albany, Inc. 
Endwell 

607-754-2171 


Reagan/Compar Albany, Inc. 
Rochester 
716-271-2230 


NORTH CAROLINA 
Prime Components, Inc. 
Raleigh 

919-850-9866 

NORTH DAKOTA 


See Minnesota 


OHIO 


Thompson and Associates 
Dayton 
513-435-7733 


Thompson and Associates 
Beachwood 
216-831-6277 


Thompson and Associates 
Orient 

614-877-4304 
OKLAHOMA 


Nova Marketing Inc. 
Tulsa 
918-660-5105 


OREGON 


Jas. J. Backer Company 
Portland 
503-627-0775 


PENNSYLVANIA-EASTERN 


Omni Sales 
Erdenheim 
215-233-4600 


PENNSYLVANIA-WESTERN 
See Ohio 


PUERTO RICO 


Dynamic Sales, Inc: 
Cugas 
809-746-1091 


RHODE ISLAND 
See Massachusetts 


SOUTH CAROLINA 
See North Carolina 


SOUTH DAKOTA 
See Minnesota 


TENNESSEE 
See Alabama 
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TEXAS 


Nova Marketing, Inc. 
Dallas 
214-750-6082 


Nova Marketing, Inc. 
Austin 
512-343-2321 


Nova Marketing, Inc. 
Houston 
713-988-6082 
UTAH 

Arrowhead CSI 
Midrale Utah 
801-561-5688 
VERMONT 


See Massachusetts 


VIRGINIA 
See Maryland 


WASHINGTON 

Jas. J. Backer Company 
Seattle 

206-285-1300 

WEST VIRGINIA 

See Ohio 
WISCONSIN-EAST 


Oasis Sales Corp. 
Brookfield 
414-782-6660 


WISCONSIN-WEST 
See Minnesota 


WYOMING 
See Colorado 


CANADA 


Kaytronics, Inc. 
Ville St. Lauret, Quebec 
514-745-5800 


Kaytronics, Inc. 
Concord, Ontario 
416-669-2262 


Kaytronics, Inc. 
Surrey B.C. 
604-581-5005 


Kaytronics, Inc. 
Kanata, Ontario 
613-564-0080 
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DOMESTIC DISTRIBUTORS 


ALABAMA 


Hall-Mark/Huntsville 
205-837-8700 


Hamilton/Avnet/Huntsville 
205-837-7210 

ARIZONA 

Hall-Mark/Phoenix 
602-437-1200 
Hamilton/Avnet/Chandier 
602-961-6400 
CALIFORNIA-NORTHERN 
Hall-Mark/San Jose _ 
408-432-4000 
Hail-Mark/Citrus Heights 
916-722-8600 
Hamilton/Avnet/Sacramento 
916-624-9781 
Hamilton/Avnet/Sunnyvale 
408-743-3355 

Zeus Components/San Jose . 
408-998-5121 
CALIFORNIA-SOUTHERN 


Avnet Electronics/Costa Mesa 
714-754-6111 


Hamilton/Avnet/Ontario 
714-989-8809 


Hamilton/Avnet/San Diego 
619-571-7510 


Hall-Mark/Torrance 
213-217-8400 


Hall-Mark/San Diego 
619-268-1201 


Hall-MarkCanoga Park 
818-716-7300 


Halt-Mark/Tustin 
714-669-4100 


Hamilton Electro Sales/ . .. 
Costa Mesa 
714-641-4199 


Hamilton/Avnet/Chatsworth 
818-700-6500 


Hamilton/Avnet/Gardena 
213-217-6700 


Zeus/Agoura Hills 
818-889-3838 


Zeus/San Diego 
619-277-9681 


Zeus Components/Yorba Linda 
714-921-9000 


COLORADO 


Hall-Mark/Englewood 
303-790-1662 


Hamilton/Avnet/Englewood 
303-799-0663 


CONNECTICUT 


Hali-Mark/Cheshire 
203-271-2844 


Hamilton/Avnet/Danbury 
203-797-2800 


FLORIDA 


Hall-Mark/Ft. Lauderdale 
305-971-9280 


Hall-Mark/Orlando 
407-830-5855 


Hall-Mark/Clearwater 
813-541-7440 


Hamilton/Avnet/Ft. Lauderdale 
305-971-2900 


Hamilton/Avnet/St. Petersburg 
813-573-3930 


Hamilton/Avnet/Winter Park - 
407-628-3888 


Zeus Components/Oviedo 
407-365-3000 


GEORGIA 


Hall-Mark/Norcross 
404-447-8000 


Hamilton/Avnet/Norcross 
404-447-7500 


ILLINOIS 


Hall-Mark/Wooddale 
708-860-3800 


Hamilton/Avnet/Bensenville 
708-860-7700 


INDIANA 


Hall-Mark/Indianapolis 
317-872-8875 


Hamilton/Avnet/Carmel 
317-844-9333 
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lOWA 


Hamilton/Avnet/Cedar Rapids 
319-362-4757 


KANSAS 


Hall-Mark/Lenexa 
913-888-4747 


Hamilton/Avnet/Overland Park 
913-888-8900 


MARYLAND 


Hall-Mark/Columbia 
301-988-9800 


Hamilton/Avnet/Columbia 
301-995-3500 


Zeus Components/Columbia 
301-997-1118 


MAINE 
See Massachusetts 


MASSACHUSETTS 


Hall-Mark/Billerica 
617-935-9777 


Hamilton/Avnet/Peabody 
508-531-7430 


Zeus Components/Lexington 
617-863-8800 


MICHIGAN 


-Hallmark-Detroit 


313-462-1205 


Hamilton/Avnet/Grand Rapids 
616-243-8805 


Hamilton/Avnet/Livonia 
313-522-4700 


MINNESOTA 


Hall-Mark/Eden Prairie 
612-941-2600 


Hamilton/Avnet/Minnesota 
612-932-0600 


MISSOURI 


Hall-Mark/Earth City 
314-291-5350 


Hamilton/Avnet/Earth City 
314-344-1200 


NEW HAMPSHIRE 
See Massachusetts 


DOMESTIC DISTRIBUTORS (Continued) 


NEW JERSEY-NORTHERN 


Hall-Mark/Fairfield 
201-575-4415 


Hamilton/Avnet/Fairfield 
201-575-3390 


Nu Horizons Electronics/Fairfield 
201-882-7950 


NEW JERSEY-SOUTHERN 


Hall-Mark/Mt.Laurel 
605-235-1900 


Hamilton/Avnet/Cherry Hill 
604-424-0100 : 


NEW MEXICO 


Hamilton/Avnet/Albuquerque 
505-765-1500 


NEW YORK 


Hall-Mark/Rochester 
716-425-3300 


Hall-Mark/Ronkonkoma 
516-737-0600 


Hamilton/Avnet/Hauppauge 
516-231-9800 


Hamilton/Avnet/Rochester 
716-475-9130 


Hamilton/Avnet/Syracuse 
315-437-2641 


Nu Horizons Electronics/No. 


Amityville 
516-226-6000 


Zeus Components/Port Chester 
914-937-7400 


Zeus/Ronnonkoma 
516-737-4500 


NORTH CAROLINA 


Hall-Mark/Raleigh 
919-872-0712 


Hamilton/Avnet/Raleigh 
919-878-0810 


OHIO 


Hall-Mark/Solon 
216-349-4632 


Unitrode Integrated Circuits Corporation 


Hail-Mark/Worthington 
317-872-8875 


Hamilton/Avnet/Dayton 
513-439-6700 


Hamillton/Avnet _ 
216-349-5100 


Hamilton/Avnet/Westerville 
614-882-7004 


Zeus/Dayton 
513-293-6162 
OKLAHOMA 
Hall-Mark/Tulsa 
918-254-6110 
OREGON 


Hamilton/Avent/Lake Oswego 
503-635-8831 


PENNSYLVANIA-WESTERN 
Hamilton/Avnet/Pittsburgh 
412-281-4150 

TEXAS 


Hall-Mark/Austin 
512-258-8848 


Hall-Mark/Dallas 
512-553-4300 


Hall-Mark/Houston 
713-781-6100 


Hamilton/Avnet/Austin 
512-837-8911 


Hamilton/Avnet/Houston 
713-240-7733 


Hamilton/Avnet/Irving 
214-550-7755 


Zeus Components/Richardson 
214-783-7010 


UTAH 


Hall-Mark/W. Valley City 
801-972-1008 


Hamilton/Avnet/Salt Lake City 
801-972-2800 ; 


WASHINGTON 


Hall-Mark/Seattle 
206-547-0415 


7 Continental Boulevard. * P.O. Box 399 * Merrimack, New Hampshire * 03054-0333 
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Hamilton/Avnet/Redmond 
206-881-6697 


WISCONSIN 


Hall-Mark/New Berlin 
414-797-7844 


Hamilton/Avnet/Maukesha 
414-784-4510 


CANADA 


Future Electronics/Calgary 
403-235-5325 


Future Electronics/Edmonton 
403-438-2858 


Future Electronics/Montreal 
514-694-7710 


Future Electronics/Ottawa 
613-820-8313 


Future Electronics/Quebec 
418-682-8092 


Future Electronics/Toronto 
416-638-4771 


Future Electronics/Vancouver 
604-294-1166 


Future Electronics/Winnipeg 
204-786-7711 


Hamilton/Avnet/Calgary 
403-250-9380 


Hamilton/Avnet/Montreal 
514-335-1000 


Hamilton/Avnet/Nepean 
513-226-1700 


Hamilton/Avnet/Mississauga 
416-667-7432 


Hamilton/Avnet/Burnaby 
604-437-6667 


INTERNATIONAL 


Hamiiton/Avnet/Gardena 
213-327-3693 


Hamilton/Avnet/Westbury 
516-997-6868 


INTEGRATED 
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UNITRODE SALES OFFICES . 
Corporate International Sales Office 


Effective Date: April, 1990 


5 Forbes Road, Lexington, MA 02173 TEL: (617) 861-6540, Telex 95-1064 Fax: (617) 861-6773 


Unitrode Electronics GmbH 


Hauptstrasse 68, 8025 Unterhaching, West Germany TEL: 49-89/6190 04/05/06. Telex 841-05-22-109. 


Fax: 49-89-617984 
Unitrode (U.K.) Limited 


6 Cresswell Park, Blackheath, London SE3 9RD, United Kingdom TEL: 44-1-318-1431/4, Fax: 44-1-318-2549 


Unitrode S.R.L 


Via Dei Carracci, 5, 20149 Milano, Italy TEL: 02/439-6831, 434 604, Telex 310085 UNITRD I, Fax:39-2-4800-8014 


Unitrode-lreiand, Ltd. 


Industrial Estate, Shannon, County Clare, Ireland TEL. 353-61-62377, Telex 26233, Fax: 353-61-62529 


Unitrode Electronics Asia, Ltd. 


Suite 939, New World Office Bldg., 24 Salisbury Rd., Kowloon, Hong Kong TEL: (852) 722-1101, 
Telex 39826 UTRD HX, Fax 852-3-697596 ; 


Unitrode Singapore, Ltd. 


55 Ayer Rajah Crescent , Unit #05-26, Singapore 0513 TEL: 65-7792777, Fax: 65-7794395 


INTERNATIONAL AGENTS-DISTRIBUTORS 


AUSTRALIA 


VSI Electronics (Australia) Pty. Ltd. 
P.O. Box 578 

Crows Nest N.S.W. 2056 

Tel: 439-4655 

TELEX: 22846 

FAX: 612-439-6435 


AUSTRIA 


Dahms Elektronik 
Wienerstrasse 287 
A-8051 Graz 

Tel: (0316) 64.0.30 
TELEX: 031099 
FAX: 0316/6403029 


BELGIUM 


Lemaire/Rodelco 
Limburg Stirum 243 
1810 Wemmel 

Tel: (32) 2460 0560 
TELEX: 24610 Lemair B 
FAX: 


BRAZIL 


Hi Tech Commercial & Industrial Ltda. 
Av. Eng. Luiz Carlos Berrini, 

801, Cj. 121 

Cidade Moncors 

04 571 Sao Paulo 


Tel: (011) 533-9566 
TELEX: 11-53288 HT HB BR 
FAX: 55-11-240-2650 


DENMARK 


REPRESENTATIVE 
See Sweden 


DISTRIBUTOR 
Delco A/S 
Hejrevang 13 
DK-3450 Allerod 
Tel: (45) 2277733 
FAX: (45) 2277770 


EASTERN EUROPE 


Dahms Elektronik 
Pilgramstrasse 11 
A-1050 Wien 

Tel: (0222) 543321 
TELEX: 134583 


Dahms Elektronik 
Wienerstrasse, 287 
A-8051 Graz 

Tel: (0316) 64.0.30 
TELEX: 031099 
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FINLAND 


REPRESENTATIVE 
See Sweden 


DISTRIBUTOR 
Telercas 
Luomannotkog 

P. O. Box 63 
SF-02201 Espoo 
Tel: 35804521622 
FAX: 35804523337 


FRANCE 
REPRESENTATIVE 


Unirep 

Zone d’activités “Les Godets" 

C.E. N.433 ; 

91374 Verrieres le-Buisson Cedex 
Tel: (1) 69200364 

TELEX: 603131 

FAX: 33-1-69200061 


DISTRIBUTORS 


Ericson Composants 

Boite Postale N.203 

78051 Saint-Quentin Yvelines Cedex 
Tel: (1) 30582424 

TELEX: 697347 

FAX: 1 30583096 
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INTERNATIONAL AGENTS—DISTRIBUTORS (Continued) 


Ericson Composants 


41, Avenue des Freres Lumiere 


69680 Chassieux 
Tel: (16) 78401006 
TELEX: 375444 
FAX: 1678907570 


C.C.1. 

Boite Postale N. 92 

Zone Industrielle 

5, Rue Marcelin Berthelot 
92160 Antony Cedex 

Tel: (1) 46662182 
TELEX: 203881 

FAX: 1 42372430 


C.C.L 

67 Rue Bataille 
69008 Lyon 

Tel: 78742375. 
TELEX: 375456 
FAX: 16 78760891 


Syscom Electronique 

A.Z. des Coteaux du Sud 
31.33 Rue des Refugniks © 
94006 Creteils Cedex 

Tel: 1 43778488 

TELEX: 2 62566 

FAX: 1 43775349 


GERMANY 


Unitrode Electronics GmbH 
Hauptstrasse 68 

8025 Unterhaching 

Tel: 089/619004-006 
TELEX: 522109 

FAX: 49-89-61 7984 


Heitek GmbH 
Postfach 1222 
Lannerstr. 31 
Unterhaching 

Tel: 089/61 15052 - 
FAX: 49-89-617-999 


Protec GmbH 
Franz-Liszt-Strabe 4 
8012 Ottobrunn 

Tel: 089-60-30-06 
TELEX: 05-29298 
FAX: 49-89-6098170 


EBV Elektronik GmbH 
Hans-Pinsel-Str. 4 
8013 Haar 

Tel: 089-46096-0 
TELEX: 534535 

FAX: 089-464488 


EBV Elektronik GmbH 
Viersenerstrasse 24 
4040 Neuss 


Tel: 02101/530072 
TELEX: 8517605 
FAX: 02101-593087 


EBV Elektronik GmbH 
Schenckstrasse 90 
6000 Frankfurt/M.99 
Tel: 069/785037 
TELEX: 069-7894458 


EBV Elektronik GmbH 
Kibitzrain 18 

3006 Burgwedel 1 
Tel: 05139/80870 
TELEX: 923694 

FAX: 5139-5199 


EBV Elektronik GmbH 
Weimarstrasse, 48 
7000 Stuttgart 1 

Tel: 0711/61900 
TELEX: 722271 

FAX: 0711-613750 


EBV/DISTRON GmbH 
Beihaimstrasse 3 
1000 Berlin 10 

Tel: 030-342-1041-44 
TELEX: 185475 

FAX: 030-3419003 


Metronik GmbH 
Leonhardsweg 2 
8025 Unterhaching 
Tel: 089/61 1080 
TELEX; 17-897434 
FAX: 089/61 16468 


Metronik GmbH 
Buckhoerner Moor 81 
2000 Norderstedt 
Tel: 040-5228031 
TELEX: 2162488 
FAX: 040-5228093 


Metronik GmbH 
Siemensstrasse 4-6 
6805 Heddesheim 
Tel: 06203/4701 
TELEX: 465035, 
FAX: 06203-45543 


Metronik GmbH 
Laufamhoizstrasse 118 
8500 Nurnberg 

Tel: 091 1/590061 -62 
TELEX: 626205 

FAX: 0811-542936 


Metronik GmbH 
Semerteichstrasse 92 
4600 Dortmund 30 
Tel: 0231/423037-38 
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TELEX: 8227082 
FAX: 0231-418232 


Metronik GmbH 
Léwenstrasse 37 
7000 Stuttgart 70 
Tel: 0711/764033 
TELEX: 7255228 
FAX: 0711-7655181 


Frehsdorf GmbH 
Cari-Zeiss-Strasse 3 
2085 Quickborn 

Tel: 04106/70050 
TELEX: 213693 
FAX: 04106700537 


Frehsdorf GmbH 
Schliterstrasse 39 
1000 Berlin 12 ' 
Tel: 030/8839040 
TELEX: 185418 
FAX: 030-8823204 


Frehsdorf GmbH 
Herbststrasse, | 
8200 Rosenheim 
Tel: 08031-37085 
TELEX: 525865 
FAX: 08031-14560 


Frehsdorf GmbH 
Pfingstweide 6 

6360 Friedberg 

Tel: 06031-61057 
TELEX: 17-6031947 
FAX: 06034-92916 


INDIA 


American Components, inc. 
141A Mittal Court 

Nariman Point 

Bombay 400021 

Tel: 222999/240234 
TELEX: 0113855 


IRELAND 


New England Technical Sales Ltd. 


The Diamond : 
Malahide, Co. Dublin 

Tel: (0001) 450-635 
TELEX: 31407 NETS, El 
FAX: (0001) 453625 


New England Technical Sales Ltd. 


5 Dalton Drive 

Salthill 

Galway 

Tel: 061-353-91 -25784 
TELEX: 31407 

FAX: (353) 91-24885 


INTERNATIONAL AGENTS—DISTRIBUTORS (Continued) 


DISTRIBUTION 


Lyco 

Estuary House 

New Street 
Matahide 

Co. Dublin 

Tel: (853) 1 452020 
FAX: (353) 1 452414 


ISRAEL 


S.T.G. International Ltd. 
10 Huberman Street 
P.O. Box 1276 

Tel-Aviv 61012 

Tel: 03-248231 

TELEX: 922-342229 
FAX: 972-3-5616010 


ITALY 


Unitrode S.r.1. 

Via dei Carraci, 5 

20149 Milano MI 

Tal: (02) 498-2278 

Tel: (02) 498-5121 
TELEX: 310085 UNITRD | 


REPRESENTATIVES 


Dimac Elettronica S.r.l. 
Via S.M. alle Selve, 4 
20046 Biassono MI 

Tel: (039) 491-514 
TELEX: 316518 DIMAC | 
FAX: (039) 491 773 


DISTRIBUTORS 


Eurelettronica A.P.A. 

Via E. Fermi, 8 

20090 ASSAGO MI 

Tel: 02 488 0022 

TELEX: 350037 EUREL 1 
FAX: 02 488 0275 


Fanton Bologna S.r.I. 

Via O. Simoni, 5 

40011 ANZOLA dell 'EMILIA BO 
Tel: 051 734 700 

TELEX: 216613 FANTOB 1 
FAX: 051 732216 


Fanton Firenze S.r.l. 

Loc Le Sieci 

50065 FONTASSIEVE (Fi) 
Tel: 055-8328418 

FAX: 055-8328420 


Fanton Milano S.r.1. 

Via Melegnano, 20 

20019 Settimo Milanese MI 
Tel: (02) 328 7312 


TELEX: 350853 FAN MI 
FAX: 02 328 7948 


Fanton Electronic System S.r.1. 


Via Savelli, 1 

35129 Padova PD 

Tel: (049) 77 5822 

TELEX: 430192 FANTON 1 
FAX: 049-8070521 


FantonTorino S.r.). 

Via Cimabue, 5 

10137 Torino TO 

Tel: (011) 309 7347 : 
TELEX: 224129 FANTON 1 
FAX: 011 305 069 


Fanton Roma S&.r.l. 

Viale Leonardo daVinci 309 
00145 ROMA 

Tel: 06-5421471 

TELEX: 620484 CSR | 
FAX: 06-5425210 


JAPAN 


Internix Inc. 

Shinjuku Hamada Bldg. 7-4-7 
Nishi-Shinjuku 

Shinjuku-Ku 

Tokyo 160 

Tel: 3-369-1105 

FAX: 81-3-366-8566 


Jepico Corporation 

Shinjuku Dai-ich/Seimei Bldg. 
Nishi-Shinjuku 2-7-1 
Shinjuku-Ku 

Tokyo 163 

Tel: 3-348-0611 

FAX: 81-3-348-0623 


KOREA R.O.K. 


MS international Corp. 

CPO Box 6780 

Room 1205 Haechun Building 
831 Yucksam-dong 
Kangnam-Ku, Seoul 

Tel: 553-0901 

TELEX: K24965 MSIPARK 
FAX: 82-2-553-0046 


NETHERLANDS 


Koning en Hartman 
Elektrotechniek B.V. 
Energieweg' 

2600 AC DELFT 

P.O. Box 125 

Tel: (31) 15609906 
TELEX: 38250 Koha NL 
FAX: (31) 15619194 
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NEW ZEALAND 


Professional Electronics 
22 A Milford Road 
Auckland 

Tel: 493-029, 499-048 
TELEX: NZ21084 

FAX; 64-9-463-045 


NORWAY 
REPRESENTATIVE 


See Sweden 
DISTRIBUTOR 


Neco A/S 

Jerikoveien 22 

Box 29-Lindeberg Gaard 
1007 OSLO 10 

Tel: (47) 2301230 
TELEX: 19247 BRAKE N 
FAX: (47) 2301694 


SINGAPORE 


Unitrode Singapore, td. 
55 Ayer Rajah Crescent 
Unit # 05-26 

Singapore 0513 

Tel: 65-7792777 

FAX: 65-7794395 


SOUTH AFRICA 


Electrolink (Pty) Ltd. 
Fleetway House 

Martin Hammerschlag Way 
Foreshore Capetown 

Tel: 215350 

TELEX: 98-206 

FAX: 27-21-4196256 


SPAIN 


Monolithic S.A. 

Av. Hospital Militar 78-80 ENTLO 
08023 Barcelona 

Tel: (3) 2194016-4154-4212 
TELEX: 08026 

FAX: (3) 2141193 


SWEDEN 
REPRESENTATIVE 


Repretech Scandanavia AB 
Dalvagen 12 

171 36 Solna 

Tel: 46-873 48320 

FAX: 46-8-733-0558 


INTERNATIONAL AGENTS—DISTRIBUTORS (Continued) 


DISTRIBUTOR 


Nordquist & Berg 
Engundavagan 7 

Box 1458 S-171 

28 Solna 

Tel: (46) 87646710 

TELEX: 10407 NORDSWE S 
FAX: (46) 87644730 


SWITZERLAND 


Elkom AG 
Durisolstr. 12 

5612 Villmergen 
Tel. 057-211145 
FAX: 41-57-22-9658 


TAIWAN 


Wanroc, Inc. 

8F-2, 15, Hsin-l Road 
Sec. 2, Taipei, 011-886 
Tel: (02) 394-5236 
FAX: 886-2-397 1696 


Tai E Trading Co., Ltd. 
FL 11-1, No. 376 
Jen,Al Road 

Section 4 

Taipei, Taiwan R.O.C. 
Tel: 02-704-6335 
FAX: 02-704-9034 


Unitrode Integrated Circuits Corporation 


UNITED KINGDOM 


Unitrode (U.K. Limited 

6 Cresswell Park 

Blackheath, London SE3 9RD 
Tel: 44-1-318-1431/4 

FAX: 44-1-318-2549 


REPRESENTATIVES 


Albur Electronics 

4 Peddlars Grove 
Yateley, Camberley, 
Surrey GU17 7AS 
Tel: 0252-871882 
FAX: 0252-890313 


EC&E 

22 Honeyborne Road 
Sutton Coldfield 
West Midlands 

B75 6BT 

Tel: 021-378-1128 
FAX: 021-311-1426 


Millfield 

Little Chesterford 
Saffron Walden, 
Essex 

CB10 1UD 

Tel: 0799-30434 
FAX: 0799-31119 


7 Continental Boulevard. « P.O. Box 399 ¢ Merrimack, New Hampshire « 03054-0389 


Telephone 603-424-2410 FAX 603-424-3460 
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NETS 

(New England Technical Sales) 
Unit17 

M.E.T. Enterprise Workshops 
Dalziel Street, 

Motherwell, 

Scotland ML1 1PJ 

Tel: 0698-61904 

FAX: 0698-69320 


Pristine Marketing 
3 High Street 
Lenham, 

Kent 

ME17 2QD 

Tel: 0622-858100 
FAX: 0622-858103 


DISTRIBUTORS 


VSI Electronics (UK) Ltd. 
Roydonbury Industrial Park 
Horsecroft Road 

Harlow, Essex 

CM19 5 BY 

Tel: 0279-29666 

TELEX: 81387 VSI UKG 
FAX: 0279-418068 


INTEGRATED 
cCirncuitTs 


ame UNITRODE 


Request for Additional Services 


“NAME = ———............_- T17 LE/DEPT. 
“COMPANY ~~ ~—~—~—CO—CT. MAIL STOP 

STREET ADDRESS 

CITY STATE ZIP 


PHONE NUMBER ( ) _— 


LITERATURE: Please send information on the following: 
Power Supply Control Products 

Motor Control Products 

Drivers, Switches, Interface Products 

Additional Copy of this Data Book 

Other 


Doodoa 


OTHER: 
Ci Please add me to the Unitrode Power Supply Newsletter List. 
C1 Please keep me informed of Power Supply Seminars being scheduled in my area. 
C1 | would tike to have an applications Engineer contact me concerning 
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FOLD HERE 


MAIL TO: 


UNITRODE INTEGRATED 
CIRCUITS CORPORATION 
7 Continental Boulevard 
Merrimack, NH 03054-9917 


ATTN: Advertising Manager 


STAPLE HERE 


INTEGRATED 
circuits 


aa UNITRODE 
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“NAME ———..__"71FLE/DEPT. 
“COMPANY | ~~—~—~——. ._ MAIL STOOP 

STREET ADDRESS 

City STATE ZIP 


PHONE NUMBER ( ) — 


LITERATURE: Please send information on the following: 
Power Supply Control Products 

Motor Control Products 

Drivers, Switches, Interface Products 

Additional Copy of this Data Book 

Other 


Ee a Sa 


OTHER: 
O_ Please add me to the Unitrode Power Supply Newsletter List. 
O_ Please keep me informed of Power Supply Seminars being scheduled in my area. 
Ot would like to have an applications Engineer contact me concerning 


FOLD HERE 


MAIL TO: 


. UNITRODE INTEGRATED 

CIRCUITS CORPORATION 
7 Continental Boulevard 

Merrimack, NH 03054-9917 


ATTN: Advertising Manager 


STAPLE HERE 
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